/  b(o3 


A Lb  fir  ^00  ^ 


ree/i*Uc<zl 


NO.  13496 


BY-PASS  OIL  FILTER  TEST  TWO-YEAR  PROGRAM  (U) 


CONTRACT  DAAE07-87-L-R006  &  R007 


JUNE  1990 


Available  Copy 


Charles  F.  Mason 

U.  S.  Army  Tank-Automotive  Command 
ATTN:  AMSTA-RGP 
Warren,  MI  48397-5000 
and 

Edwin  A.  Frame 

Belvoir  Fuels  &  Lubricants  Researc 
6220  Culebra  Road  Facility 

San  Antonio,  TX  78284 


APPROVED  FOR  PUBLIC  RELEASE: 
)ISTRIBUTION  UNLIMITED 


200H0I09OOI 


U.S.  ARMY  TANK-AUTOMOTIVE  COMMAND 
RESEARCH,  DEVELOPMENT  &  ENGINEERING  CENTER 
Warren,  Michigan  48397-5000 


NOTICES 


This  report  is  not  to  be  construed  as  an  official  Department  of  the  Army 
position. 


Mention  of  any  trade  names  or  manufacturers  in  this  report  shall  not  be 
construed  as  an  official  endorsement  or  approval  of  such  products  or  companies 
by  the  U.S.  Government. 


Destroy  this  report  when  it  is  no  longer  needed.  Do  not  return  it  to  the 
originator. 


UNCLASSIFIED 


ECURITY  CLASS.;  CATION  OF  THIS  PA C 


REPORT  DOCUMENTATION  PAGE 


'b  RES'RICT,'.'F  MARKINGS 


Form  Approved 
OMB  NO.  0704-0183 


la.  REPORT  SECURITY  CLASSIFICATION 
UNCLASSIFIED 


2a.  SECURITY  CLASSIFICATION  AUTHORITY 


2b  DECLASSIFICATION /DOWNGRADING  SCHEDULE 


4.  PERFORMING  ORGANIZATION  REPORT  NUMBER(S) 
13496 


3.  DISTRIBUTION /AVAILABILITY  OF  REPORT 
Approved  for  Public  Rgleas'e: 
Distrubtion  is  Unlimited 


5.  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 


6a.  NAME  OF  PERFORMING  ORGANIZATION 
US  Army  Tank-Automotive 
Command 


6c.  ADDRESS  (City,  State,  and  ZIP  Code) 

Warren,  MI 
48397-5000 


8a.  NAME  OF  FUNDING  /SPONSORING 
ORGANIZATION 


6b.  OFFICE  SYMBOL  I  7a.  NAME  OF  MONITORING  ORGANIZATION 
(If  applicable)  I 


AMSTA-RGP 


7b.  ADDRESS  (City,  State,  and  ZIP  Code) 


8b.  OFFICE  SYMBOL  I  9.  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 
(If  applicable)  | 


10.  SOURCE  OF  FUNDING  NUMBERS 


PROGRAM 

PROJECT 

TASK 

ELEMENT  NO. 

NO. 

NO. 

8c.  ADDRESS  (City,  State,  and  ZIP  Code) 


1 1 .  TITLE  (Include  Security  Classification) 

By-Pass  Oil  Filter  Test  Program  (Two-Year) 


12.  PERSONAL  AUTHOR(S) 

Charles  F.  Mason  (AMSTA-RGP),  Edwin  a.  Frame  (Belvoir  Fuels  &  Lubricants  Research  Facility) 


13a.  TYPE  OF  REPORT  13b.  TIME  COVERED  14.  DATE  OF  REPORT  (Year,  Month,  Day)  15.  PAGE  COUNT 

Final  FROM  May  87  TO  Jun  89  June  1990  65 


16.  SUPPLEMENTARY  NOTATION 


COSATI  CODES 


GROUP  SUB-GROUP 


18.  SUBJECT  TERMS  ( Continue  on  reverse  if  necessary  and  identify  by  block  number) 

Oil  additives,  contaminants,  wear  metal  concentrations, 
viscosity,  dilution,  acidity  &  basicity  &  DR-Ferrograph  Test 


19k  ABSTRACT  (Continue  on  reverse  if  necessary  and  identify  by  block  number) 

This  two-year  oil  filter  test  program  was  conducted  to  evaluate  the  effectiveness  of  by¬ 
pass  oil  filters  in  maintaining  the  cleanliness  and  lubrication  qualities  of  the  engine  oil, 
during  normal  troop  training  operations.  The  engine  oil  characteristics  for  M939A1  trucks, 
with  by-pass  oil  filters,  were  compared  with  the  oil  analysis  characteristics  of  the  used 
oil  taken  from  similar  M939A1  trucks  which  had  only  the  standard  full-flow  oil  filters. 

The  engine  oil  samples  which  were  obtained  from  the  subject  trucks  at  60-day  intervals,  were 
given  a  laboratory  analysis  for  the  following:  Wear-metal  concentrations  for  following 
elements:  copper,  iron,  lead  and  aluminum,  the  depletion  of  certain  oil  additives,  oil 
viscosity  measurements,  concentrations  of  ferromagnetic  particles  (by  average  size),  and 
the  TAN  &  TBN  values. 


The  results  of  these  laboratory  tests  showed  that  by-pass  oil  filters  did  not  appear  to 
have  any  adverse  effects  on  the  calcium,  magnesium,  silicon,  or  zinc  additives  used  in  these 


20.  DISTRIBUTION /AVAILABILITY  OF  A8STRACT  21.  ABSTRACT  SECURITY  CLASSIFICATION 

GO  UNCLASSIFIED/UNLIMITED  □  SAME  AS  RPT.  □  OTIC  USERS 


22a.  NAME  OF  RESPONSIBLE  INDIVIDUAL  |22b.  TELEPHONE  (Include  Area  Code)  22c.  OFFICE  SYMBOL 

CHARLES  F.  MASON  I  (313)574-6219  AMSTA-RGP 


DD  Form  1473,  JUN  86  Previous  editions  are  obsolete.  SECURITY  CLASSIFICATION  OF  THIS  PAGE 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 


1 


UNCLASSIFIED 


engine  oils.  Also,  there  were  no  apparent  effects  on  the  engine  oil  viscosities  due  to 
the  usage  of  the  by-pass  oil  filters.  Overall,  the  by-pass  oil  filters  did  not  appear  to 
have  any  effects  on  the  oils  TAN  increases  or  the  TBN  decreases  during  the  program. 

The  results  of  the  DR-Ferrograph  tests  on  the  engine  oils  showed  that  the  concentrations 
of  ferromagnetic  particles  (by  average  sizes)  were  slightly  less  for  oil  from  the  trucks 

with  the  by-pass  oil  filters,  than  for  the  oil  from  the  5-ton  trucks  with  the  standard 

full-flow  oil  filters. 

The  results  of  a  cost  comparison,  or  cost  effectiveness  study,  for  the  subject  by-pass  oil 
filters,  when  installed  on  the  subject  5-ton  trucks,  showed  that  the  potential  cost  savings 

would  be  relatively  small.  That  is  to  say,  that  this  study  resulted  in  a  potential  savings 

of  less  than  one-half  (1/2)  of  one  engine  oil  change  (in  a  two-year  period),  which  would 
be  less  than  $48.00  per  vehicle.  This  potential  savings  would  be  much  less  than  the  cost 
of  installation  of  these  by-pass  oil  filters,  which  costs  were  in  excess  of  $200.00  per 
vehicle.  It  must  be  mentioned  here  that  the  subject  two-year  test  program  did  not  provide 
for  any  long-term  engine  wear  studies  or  conclusions.  However,  based  on  the  test  results 
mentioned  above,  and  the  cost  comparison  studies,  it  has  been  concluded  that  the  usage  of 
by-pass  oil  filters  on  the  subject  5-ton  M939A1  trucks  would  not  be  cost  effective. 
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1.0.  INTRODUCTION 


This  technical  report  has  been  prepared  by  the  U.  S.  Army 
Tank-Automotive  Command  (TACOM) ,  under  Contract  Numbers 
DAAE07-87-L-R006  and  R007,  with  technical  support  from  the  U.  S. 

Army  Belvoir  Research,  Development  &  Engineering  Center 
(STRBE-VF) ,  and  the  Belvoir  Fuels  &  Lubricants  Research  Facility 
(BFLRF) ,  located  at  San  Antonio,  TX,  under  Contract  No. 

DAAK7 0-87-C-004 3 .  This  two-year  oil  filter  test  program  was 
designed  to  evaluate  the  effectiveness  of  by-pass  oil  filters 
from  two  companies  (Filter  "A"  and  Filter  "B") ,  in  maintaining 
the  cleanliness  and  lubrication  qualities  of  the  engine  oil 
during  normal  operating  conditions.  These  by-pass  oil  filters 
were  added  to  the  standard  full-flow  oil  lubrication  systems  used 
on  the  NHC-250  engines  in  the  M939A1  cargo  trucks. 


These  tests  were  conducted  on  a  fleet  of  new  M939A1  trucks 
which  were  employed  by  the  9th  Infantry  Division  for  troop 
training  at  Fort  Lewis,  WA.  The  analysis  method  used  for  these 
engine  oil  samples,  taken  from  the  M939A1  trucks,  was  to  conduct 
oil  analysis  at  the  Fort  Lewis  Army  Oil  Analysis  Program  (AOAP) 
laboratory,  along  with  analysis  of  duplicate  samples  being  sent 
to  the  BFLRF  laboratories.  Comparisons  were  then  made  between 
the  oil  analysis  data  obtained  from  engines  with  the  "by-pass" 
oil  filters  added,  and  the  data  obtained  from  engines  with  the 
standard  full-flow  oil  filter  systems. 

2.0.  OBJECTIVES 


The  primary  goal  of  the  two-year  oil  filter  program  was  to 
determine  the  effectiveness  of  the  added  "by-pass"  oil  filters  in 
maintaining  the  lubricating  qualities  and  the  overall  cleanliness 
of  the  engine  oils,  under  normal  engine  operating  conditions. 
These  oil  characteristics,  for  trucks  with  by-pass  oil  filters, 
were  compared  with  the  oil  analysis  characteristics  of  used  oil 
taken  from  similar  trucks  having  only  standard  full-flow  oil 
f ilters. 

3.0.  CONCLUSIONS 


After  the 
the  following 


completion  of  the  two-year 
evaluations  were  made: 


oil 


filter  test  program. 


a.  Used  Oil  Wear-Metal  Concentrations:  The  M939A1  trucks 
with  the  added  by-pass  oil  filters  installed  exhibited  a  slight 
reduction  in  wear-metal  concentrations  (over  a  two-year  period) , 
than  the  standard  M939A1  trucks  which  had  only  the  standard 
full-flow  oil  filters.  However,  these  differences  were 
considered  to  be  due  primarily  to  the  14.8  percent  oil  dilution 
factor  for  the  by-pass  oil  filters.  (See  following  para.). 
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b.  Oil  Dilution  Factor  There  were  many  differences  seen  in 
the  wear-metal  concentrations  for  the  trucks  with  by-pass  oil 
filters,  as  compared  to  the  results  for  trucks  with  the  standard 
full-flow  oil  filters.  These  results  showed  generally  lower 
concentrations  for  trucks  equipped  with  by-pass  oil  filters  (See 
Figs.  3-1  &  3-2).  However,  this  was  considered  to  be  due 
primarily  to  the  fact  that  the  M939A1  trucks  with  the  by-pass  oil 
filters  required  an  additional  4  qts.  of  15W40  oil  in  the  engine 
oil  system  (which  has  a  std  capacity  of  27  qts) .  Therefore,  this 
represents  an  oil  dilution  factor  of  4  qts  in  27  qts,  or 
approximately  14.8  percent. 

c.  Changes  &  Depletions  in  Oil  Additives  In  summary,  the 
by-pass  oil  filters  did  not  appear  to  have  any  adverse  effects  on 
the  calcium,  magnesium,  silicon,  or  zinc  additives  in  the  truck 
engine  oils. 

d.  Oil  Viscosity  Measurements  There  were  no  apparent 
effects  on  the  engine  oil  viscosities  due  to  the  usage  of  the 
by-pass  oil  filters.  In  addition,  there  were  only  negligible 
instances,  or  occurrences,  of  fuel  dilution  in  these  engine  oils 
during  the  two-year  test  program. 

e.  TAN  &  TBN  Values  Overall,  the  by-pass  oil  filters  did 
not  appear  to  have  any  effects  on  the  oil's  Total  Acid  Number 
(TAN)  increases  or  on  the  Total  Base  Number  (TBN)  decreases, 
during  the  test  program. 

f.  DR  -  Ferrograph  Tests  The  test  results  showed  that  the 
WPC  values  (concentrations  of  ferromagnetic  particles  by  average 
size)  were  less  for  the  used  oils  from  trucks  with  the  by-pass 
oil  filters  than  the  used  oils  from  the  5-ton  trucks  with 
standard  full-flow  oil  filters.  (See  Table  3-1,  &  see 
Appendix  A) . 

4.0.  RECOMMENDATIONS 

4.1  Based  on  the  installation  cost  figures  for  the  by-pass  oil 
filters  and  the  potential  savings  of  less  than  one-half  (1/2)  of 
one  (1)  oil  change  during  a  two-year  test  period,  the  usage  of 
these  filters  would  not  be  cost  effective. 

4.2  Monitoring  of  the  TAN  and  TBN  values  for  used  oils  is 
considered  to  be  an  essential  part  of  proper  used-oil  analysis. 
Therefore,  it  is  recommended  that  TAN  and  TBN  oil  analysis  should 
be  incorporated  as  a  part  of  the  normal  AOAP  laboratory  analysis 
procedures. 
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of  the  smaller  ferromagnetic  particles  (smaller  than 


5.0.  DISCUSSION 

5.1.  BACKGROUND 


5.1.1.  USED  OIL  WEAR-METAL  CONCENTRATIONS 


During  the  first  12  months  of  the  oil  filter  test  program,  it  was 
noted  that  the  basic  concentration  in  parts  per  million  (ppm)  of 
the  three  metals  of  copper  (Cu) ,  iron  (Fe)  and  lead  (Pb) ,  were 
quite  similar  for  all  three  groups  of  test  vehicles,  that  is  the 
"A,"  "B"  and  "C"  battery  trucks.  Also,  there  were  no  significant 
differences  shown  between  the  Wear  Metal  Concentrations  (WMC)  on 
the  trucks  with  the  by-pass  oil  filters,  "A,"  "B"  and  "C"  battery 
trucks,  with  only  the  standard  full-flow  filters. 


5.1.2.  OIL-DILUTION  FACTOR 

There  is  an  oil-dilution  factor  which  must  be  considered  when  any 
comparisons  are  made  between  full-flow  and  by-pass  oil  filter 
data  presented  in  this  report.  This  is  because  the  installation 
of  the  added  by-pass  oil  filters  on  the  NHC-250  engines  added 
approximately  4  qts  of  SAE  15W-40  oil  to  each  engine.  This 
additional  oil  was  required  to  completely  fill  up  the  by-pass 
filter  housings  and  elements.  The  actual  capacities  of  these 
by-pass  oil  filters  were  as  follows: 

Filter  "A"  capacity  is  approx.  2.75  qts. 

Filter  "B"  capacity  is  approx.  3.25  qts. 

However,  despite  these  slight  differences  in  capacity,  a  decision 
was  made,  prior  to  the  start  of  the  test  program,  to  add  a  full 
four  (4)  qts.  of  SAE  15W-40  oil  to  each  truck  engine  with  a 
by-pass  oil  filter  installed,  for  purposes  of  oil  quantity 
uniformity.  The  standard  oil  lubrication  system  capacity  for  the 
NHC-250  engine,  with  its  standard  full-flow  oil  filter,  is 
established  at  27  qts.  Therefore,  as  can  be  seen  by  a  simple 
ratio  of  4  qts  added  to  the  basic  27  qts.,  this  represents  an 
oil-dilution  factor  of  approximately  14.8  percent.  And,  as  a 
result  of  this,  it  becomes  necessary  to  employ  this  dilution 
factor,  when  an  accurate  comparison  of  the  relative 
concentrations  of  wear  metals  is  desired. 


The  test  data  in  this  report  is  shown  in  the  "as  monitored,"  or 
"as  received"  condition,  with  the  14.8  percent  oil  dilution 
factor  taken  into  consideration  by  means  of  specific  examples,  as 
are  indicated  for  the  various  data  comparisons  which  are  made  in 
this  report. 
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In  general,  the  increases  in  WMC  were  not  excessive  in  any  of 
the  50  trucks  in  this  test  program,  and  the  WMC  did  not  exceed 
the  "AOAP"  threshold  limits.  It  was  noted  in  some  of  these 
trucks  that  the  WMC  levels  for  the  copper  (Cu)  element  were 
approaching  the  "AOAP"  threshold  limit  of  039  ppm.  This 
condition  would  normally  indicate  a  need  for  oil  change  in  those 
engines;  however,  as  these  Cu  threshold  limits  are  set  to  occur 
at  a  relatively  low  concentration,  there  was  no  indication  of 
potential  engine  problems  at  the  12-month  point  in  the  test. 

This  data  and  conclusions  were  determined  by  the  fact  that  all  50 
vehicles  in  this  program  used  MIL-L-2104D  engine  oil  (SAE  15W-40) 
that  had  been  installed  initially  in  these  trucks  at  the 
beginning  of  the  test  program  (May  1987) . 

As  the  test  program  continued  with  these  vehicles  for  the  second 
year  (12-month  period) ,  it  was  noted  that  the  WMC  levels  for  the 
Cu  and  Fe  elements  were  gradually  increasing  to  higher  levels, 
and  in  the  case  of  the  Cu  WMC  to  the  AOAP  threshold  limits.  As 
can  been  seen  in  Figure  3-1,  the  Cu  WMC  in  ppm  had  increased  in  a 
number  of  the  M939A1  vehicles  (See  Fig.  5-1.)  up  to  a  ppm  count 
which  met  or  exceeded  the  AOAP  threshold  limit  of  039  ppm.  In  a 
significant  number  of  these  trucks,  the  engine  oil  exhibited  Cu 
concentrations  ranging  from  035  to  040  ppm.  It  is  interesting  to 
note  that  by  the  completion  of  the  two-year  program,  there  were  a 
total  of  30  vehicles  which  required  engine  oil  change,  primarily 
due  to  the  high  Cu  concentrations.  Also,  it  is  worthy  to  note 
that  in  the  subject  NHC-250  engines,  the  basic  wear  metals  are 
caused  by  wear  occurring  in  the  engine  main  bearings,  piston  pin 
bushings  and  from  the  camshaft  bushings.  However,  it  should  be 
mentioned  here,  that  it  is  possible  to  acquire  increases  in  the 
Cu  concentration  due  a  Cu  additive  used  in  some  engine  oils  by 
certain  oil  formulator  companies,  as  an  ant i-'oxidant  agent.  This 
problem  of  a  high  Cu  concentration  in  new  oils  can  be  determined, 
of  course,  by  taking  "AOAP"  lab  samples  of  new  source  oil,  prior 
to  use  in  truck  engines.  (See  Fig.  3-1  &  Fig.  3-2). 

In  regard  to  the  above  statement  on  the  Cu  concentration,  which 
can  be  present  in  new  source  oils,  it  should  be  noted  here  that 
the  source  oils  which  were  used  for  the  subject  M939A1  trucks 
were  very  low  in  Cu  concentrations  (See  Table  5-4) .  Therefore, 
this  factor  of  Cu  concentrations  showing  up  due  to  Cu  additives 
in  source  oils  was  not  a  problem  during  the  subject  test. 

However,  there  was  a  single  exception  (to  Cu  additives)  which 
showed  up  in  a  final  source-oil  sample  (taken  in  May  1989) .  This 
one  source  sample  No.  AL-18739  (see  Table  5-4)  exhibited  a  Cu 
concentration  of  054  ppm  (which  is  high).  This  source  oil, 
however,  was  used  only  for  engine  oil  changes  which  took  place  in 
May  1989,  at  the  end  of  test.  Therefore,  these  oil  changes  did 
not  affect  the  "AOAP"  oil  sampling  data  which  was  obtained  for 
the  subject  two-year  program. 
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5.1.3  The  "AOAP"  specified  threshold  limit  of  039  ppm  for  Cu  is 
considered  to  be  somewhat  low  for  this  type  and  size  of  engine. 
The  AOAP  Manual,  Volume  IV,  actually  specifies  that  the  Cu 
concentrations  can  go  up  to  049  ppm  before  this  wear  is 
considered  to  be  abnormal. 


This  considered  opinion  is  based  on  the  fact  that  there  are 
several  similar  Cummins  engines  which  are  shown  in  the  AOAP 
Manual,  Vol.  IV,  which  have  a  higher  range  of  Copper  (Cu) 
concentrations.  For  example,  there  is  a  similar  Cummins  engine 
Model  NTC-290  (used  in  VEH  F5070,  a  20-ton  dump) ,  with  Cu  normal 
limits  of  0  to  092  (ppm) ,  and  with  a  high  limit  for  Cu  shown  at 
115  to  142  (ppm) .  Another  example  evident  is  the  Cummins  Model 
NTC-400  engine  (used  in  VEH  M915A1,  10-ton  tractor) ,  with 
assigned  Cu  normal  limits  of  0-062  (ppm) ,  and  a  high  range  of  077 
to  095  (ppm).  It  should  be  mentioned  that  these  specified  Cu 
limits  are  based  primarily  on  empirical  data  obtained  from  a 
history  of  military  vehicles,  as  recorded  in  the  AOAP  files  and 
records.  Also,  to  reiterate,  it  is  possible  for  the  normal  AOAP 
sampling  data  to  incorporate  (and  exhibit)  some  Cu  concentrations 
which  were  due  in  part  to  Cu  additives  which  are  used  by  some  oil 
formulator  companies  as  an  anti  oxidant  agent.  These  Cu 
additives  can  sometimes  result  in  AOAP  lab  results  of  Cu 
concentrations  in  the  range  of  040  to  100  ppm,  but  are  normally 
in  concentrations  of  less  than  005  ppm.  (See  Table  5-4). 

In  general,  the  Fe  concentrations  in  ppm  were  not  found  to  be 
excessive  for  any  of  the  subject  (50)  trucks.  However,  several 
of  the  trucks  in  the  program  did  exhibit  Fe  concentrations  in  the 
range  of  150  to  200  ppm,  which  were  approaching  the  AOAP 
specified  limit  of  233  ppm. 

5.1.4.  CHANGES  AND  DEPLETIONS  IN  OIL  ADDITIVES 


During  the  initial  12  months  of  the  oil  filter  program,  the 
Zinc  (Zn)  ppm  concentrations  showed  definite  increases  for  all  50 
of  the  M939A1  vehicles  (i.e.,  "A",  "B"  and  "C"  battery  trucks). 
The  Zn  additive  is  used  as  an  anti  oxidant  and  also  as  an  anti 
wear  agent.  The  Zn  concentrations  exhibited  increases  from 
initial  values  of  700  to  750  ppm,  up  to  numbers  which  exceeded 
1100  ppm.  These  increases  were  considered  to  be  due,  in  part,  to 
the  fact  that  as  new  oil  was  added  to  the  truck  engines,  the  new 
oil  had  Zn  additives  in  it,  and  these  Zn  additives  become 
accumulative. 


The  Silicon  (Si)  additives  remained  fairly  constant  in  the 
engine  oils  as  the  testing  progressed.  The  Si  additive  is 
present  as  an  anti  foaming  agent  in  the  oil.  Silicon  can  also 
accumulate  in  the  engine  oil  due  to  dirt  ingestion.  During  the 
subject  testing,  none  of  the  test  vehicles  exhibited  any  Si 
readings  which  were  in  close  proximity  to  the  "AOAP"  limits  of 
060  ppm. 
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The  magnesium  (Mg)  concentrations,  which  were  obtained  during 
the  two-year  test  program,  exhibited  some  noticeable  variations, 
or  fluctuations  up  and  down,  throughout  the  test.  These 
fluctuations  were  probably  due  to  the  varying  composition  of 
added  make-up  oil.  However,  when  the  test  Mg  numbers  were  viewed 
on  an  average  basis,  the  Mg  numbers  remained  relatively  steady 
during  the  test.  The  additive  component  which  contains  Mg  is 
used  in  engine  oils  as  an  acid  neutralizer  and  a  detergent  for 
sludge  and  varnish.  It  also  acts  as  a  dispersant  to  hold  the 
sludge  and  varnish  in  suspension  in  the  engine  oil.  In  addition 
to  the  Mg  additive,  calcium  (Ca)  is  present  in  another  additive 
which  has  the  same  function  as  the  Mg  additive.  Overall,  the 
calcium  concentrations  were  observed  to  be  in  the  range  of 
approx.  1000  to  1200  ppm.  In  summary,  the  "by-pass"  oil  filters 
did  not  appear  to  have  any  effects  on  the  zinc,  magnesium,  or 
calcium  additives  in  the  engine  oil. 

5.1.5.  TAN  AND  TBN  TEST  RESULTS 


When  an  engine  oil  is  subjected  to  high  temperatures,  as  well  as 
normal  operating  conditions,  for  extended  periods  of  time, 
several  undesirable  reactions  occur  in  the  oil.  The  anti— oxidant 
additives,  which  are  there  to  protect  the  bulk  of  the  oil,  are 
gradually  depleted.  This  occurs  due  to  acids  which  are  formed 
from  incomplete  combustion  products  and  from  some  partial 
oxidation  of  the  oil.  These  acids  then  react  with  the  alkaline 
additives  in  the  oil,  which  in  turn  reduces  the  basicity  (TBN)  of 
the  oil.  If  not  neutralized,  these  acids  can  attack  the  metal 
surfaces  inside  the  engine  (bearings,  cams,  etc.). 

The  test  method  employed  to  monitor  the  used  oil  for  its  total 
base  number  (TBN)  is  the  A STM  D664  method  (see  Appendix  B) .  The 
TBN  is  defined  as  "the  quantity  of  acid,  expressed  in  terms  of 
the  equivalent  number  of  milligrams  of  potassium  hydroxide,  that 
is  required  to  neutralize  all  basic  constituents  present  in  1 
gram  of  sample"  (expressed  in  units  of  mg  K0H/gram  oil) . 

The  normal  TBN  values  in  new  MIL-L-2104  engine  oil  range  from 
6  to  12,  and  many  used  oil  analysts  recommend  that  the  TBN  number 
should  not  decrease  below  a  value  of  2.0  mg.  K0H/gram  oil.  Also, 
the  ASTM  D664  method  is  used  to  monitor  the  relative  rates  of 
acid  build-up  in  the  used  oils,  which  is  recorded  as  an  increase 
in  the  total  acid  number  (TAN) . 

The  normal  TAN  numbers  in  new  MIL-L-2104  engine  oil  range 
from  less  than  1.0  to  3.0  mg  K0H/gram  oil,  and  many  used-oil 
analysts  recommend  that  the  TAN  should  not  exceed  5.0  mg  K0H/gram 
oil . 
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NOTE:  Monitoring  of  TAN  and  TBN  values  in  used  oil  is 

considered  to  be  an  essential  part  of  proper  used  oil  analysis. 
The  accurate  monitoring  of  these  values  enables  the  evaluating 
technician  to  determine  when  the  acids  in  used  oil  reach 
unacceptable  levels.  As  is  well  known  in  engine-wear  analysis, 
the  presence  of  high  acidity  in  engine  oil  is  conducive  to 
corrosion  and  wear  on  the  metallic  components  in  the  engine. 

The  current  standards  for  U.S.  Army  "AOAP"  laboratory 
analysis  do  not  include  the  ability  to  measure  or  record  TAN  and 
TBN  values.  It  is  the  considered  opinion  of  many  oil  analysis 
experts  that  the  monitoring  of  these  TAN  &  TBN  values  should  be 
incorporated  into  the  U.S.  Army  "AOAP"  standards. 

As  can  be  seen  in  the  data  shown  in  Tables  5-1  through  5-3  for 
TAN  and  TBN  values,  there  were  no  instances  where  the  TAN  values 
were  greater  than  the  guideline  upper  limit  of  5.0  mg  K0H/gm 
oil.  However,  there  was  one  instance  (see  Table  5-2  -  VEH. 

B-ll) ,  where  the  final  reading  (May  89)  exhibited  a  TAN  value  of 
4.7.  But  in  this  instance,  the  corresponding  TBN  value  was  4.2 
mg  K0H/g,  which  was  at  an  acceptable  level  and  was 
(theoretically)  able  to  counteract  this  relatively  high  TAN 
number . 

A  further  review  of  the  data  shown  in  the  three  charts  for  TAN 
and  TBN  values,  shows  that  there  were  no  TBN  numbers  less  than 
the  lower  guideline  limit  of  2.0  mg  K0H/gm  oil,  except  for  the 
VEH  A-21  (at  Apr  89  sampling).  In  this  instance  the  TBN  value 
was  at  1.5  mg  K0H/gm.  However,  the  corresponding  TAN  number  was 
at  2.5,  which  was  within  the  acceptable  limits.  And,  as  can  be 
seen  in  the  same  chart,  the  subsequent  readings  for  TAN  &  TBN  for 
VEH  A-21  were  both  within  the  guideline  limits.  Therefore,  this 
instance  of  a  low  TBN  value  for  this  one  vehicle  was  not 
considered  to  be  of  any  serious  consequence. 

Overall,  the  by-pass  oil  filters  did  not  appear  to  have  any 
effect  on  TBN  decrease  or  TAN  increase  during  the  test. 

5.1.6.  DR  FERROGRAPH  TEST  RESULTS 

As  a  prelude  to  this  discussion,  it  is  necessary  to  present  here 
a  definition  of  the  terms  which  are  used  in  the  DR-Ferrograph 
test  method.  The  Wear  Particle  Concentration  (WPC)  is  the  sum  of 
the  Dl  and  D„  particle  counts.  These  terms  are  defined  as 
follows:  (Also  see  enclosure). 
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TABLE  5-1.  "A"  BATTERY  VEHICLES 

,  (TAN  &  TBN  VALUES) 

OIL  SAMPLING  DATES 

VEH  JULY  1988  SEPT  1988  NOV  1988  JAN  1989  APR  1989  MAY  1989 


NO. 

TAN 

TBN 

TAN  TBN 

TAN 

TBN 

TAN 

TBN 

TAN 

TBN 

TAN 

TBN 

A-01 

3.3 

3.4 

DATA  NOT 

2.6 

3.9 

2.5 

3.9 

2.9 

3.7 

3.0 

3.6 

AVAIL. 

A-04 

3.0 

3.7 

t ! 

2.3 

3.3 

2.4 

3.5 

2.8 

3.2 

3.1 

2.7 

A-09 

2.9 

4.4 

ft 

2.3 

3.6 

2.4 

4.7 

2.7 

3.5 

2.7 

6.2 

A-ll 

3.3 

3.4 

ft 

2.6 

3.2 

2.5 

3.0 

3.1 

2.8 

2.8 

3.4 

A-12  * 

ft 

1.8 

5.2 

2.1 

5.3 

3.0 

2.9 

A-13 

3.6 

3.1 

1 

ft 

3.1 

4.2 

3.4 

6.5 

3.1 

4.1 

2.5 

5.8 

A-14 

3.0 

3.9 

11 

2.6 

3.0 

2.5 

3.9 

2.8 

2.2 

2.6 

3.7 

A-15 

3.1 

3.3 

It 

2.8 

3.4 

2.6 

4.2 

2.4 

3.5 

2.5 

4.5 

A-16 

3.7 

3.4 

ft 

2.9 

4.1 

3.1 

4.3 

2.9 

3.8 

3.9 

3.0 

A-20 

3.0 

3.7 

tt 

2.4 

4.1 

2.4 

3.1 

2.6 

4.1 

2.9 

5.5 

A-21 

2.9 

4.8 

ft 

2.5 

3.7 

2.6 

4.3 

2.5 

1.5** 

3.3 

3.3 

A-22 

2.9 

4.7 

11 

1 

2.3 

3.6 

2.6 

4.8 

2.4 

3.3 

3.0 

3.5 

A-23 

2.9 

5.3 

" 

2.4 

3.7 

2.6 

5.8 

2.3 

3.5 

2.6 

3.2 

SVC-20 

3.0 

3.7 

"  j 

2.6 

3.8 

3.0 

5.6 

2.6 

4.3 

2.5 

3.9 

SVC-21 

3.1 

2.8  i 

ft 

2.6 

3.2 

2.7 

3.6 

i 

3.2 

3.3 

3.1 

3.5 

**  -  Low  Value 


NOTE:  These  values  are  expressed  in  terms  of  mg  KOH/gram  oil 
*  Engine  was  replaced  in  Veh  A-12  on  17  Aug  88 
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TABLE  5-2.  »B»  BATTERY  VEHICLES 

(TAN  &  TBN  VALUES) 

OIL  SAMPLING  DATES 

VEH  JULY  1988  SEPT  1988  NOV  1988  JAN  1989 

NO.  TAN  TBN  TAN  TBN  TAN  TBN  TAN  TBN 


B-01 

3.3 

5.3 

DATA  NOT 

2.7 

3.8 

3.0 

3.8 

2.6 

4.4 

3.1 

5.4 

AVAIL. 

B-04 

3.3 

4.0 

ff 

2.5 

3.5 

3.0 

7.0 

2.5 

3.7 

3.1 

4.3 

B-09 

3.2 

4.2 

It 

2.5 

4.2 

2.7 

4.7 

2.7 

5.4 

3.2 

4.7 

B-ll 

3.9 

4.6 

11 

3.2 

3.5 

3.4 

4.1 

3.1 

4.5 

4.7  ** 

4.2** 

B-12* 

2.8 

7.6 

II 

2.2 

6.1 

2.7 

5.7 

3.4 

6.9 

3.0 

6.7 

B-13 

3.7 

3.9 

If 

2.9 

3.3 

3.0 

5.2 

2.9 

4.9 

3.8 

5.4 

B-14 

3.5 

4.1 

ft 

2.5 

3.5 

2.9 

3.7 

3.0 

4.3 

4.5 

3.4 

B-15 

3.4 

4.6 

" 

2.7 

3.8 

3.1 

6.1 

2.9 

5.5 

3.5 

4.4 

B-16 

3.4 

4.1 

It 

2.7 

3.1 

2.7 

5.5 

2.7 

. 

4.8 

B-20 

3.4 

4.9 

If 

2.9 

4.1 

2.9 

5.6 

3.1 

5.7 

3.3 

5.5 

B-21 

3.0 

3.2 

»l 

2.7 

3.1 

2.7 

4.6 

2.9 

4.4 

3.3 

3.4 

B-22 

3.0 

4.7 

tf 

2.4 

3.3 

2.5 

4.6 

2.9 

4.1 

3.7 

4.6 

B-23 

3.1 

3.7 

ft 

2.4 

3.7 

2.5 

3.7 

2.5 

3.2 

3.1 

4.8 

SVC-23 

If 

3.0 

4.3 

3.1 

5.3 

2.0 

4.8 

3.6 

4.9 

SVC-34 

3.1 

4.0 

. 

ft 

2.6 

3.5 

2.8 

4.2 

3.9 

3.9 

3.0 

3.6 

^END  TEST J 

APR  1989  MAY  1989 

TAN  TBN  TAN  TBN 


**  -  High  Value 


NOTE:  These  values  are  expressed  in  terms  of  mg  KOH/gram  oil 
*  Engine  was  replaced  in  Veh  B-12  on  1  May  1988 
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TABLE  5-3. 


"C"  BATTERY  VEHICLES 
(TAN  &  TBN  VALUES) 

OIL  SAMPLING  DATES 


VEH 

NO. 

JULY 

TAN 

1988 

TBN 

SEPT 

TAN 

1988 

TBN 

NOV 

TAN 

1988 

TBN 

JAN 

TAN 

1989 

TBN 

APR 

TAN 

1989 

TBN 

MAY 

TAN 

1989 

TBN 

C-01 

2.8 

4.1 

2.8 

3.8 

2.5 

3.0 

2.8 

3.8 

2.8 

4.8 

3.6 

3.1 

C-04 

3.3 

4.7 

3.0 

4.1 

2.6 

4.1 

2.9 

5.2 

2.9 

4.3 

3.6 

4.2 

C-09 

2.9 

4.6 

3.0 

4.4 

2.5 

2.9 

2.6 

3.7 

2.6 

3.1 

2.7 

4.0 

C-ll 

3.8 

3.8 

3.4 

2.8 

2.8 

3.4 

3.0 

4.9 

2.8 

4.1 

3.3 

3.7 

C-12 

4.6 

4.3 

4.0 

3.1 

3.2 

3.8 

3.2 

3.1 

3.4 

3.7 

3.4 

4.0 

C-13 

4.2 

2.8 

3.1 

3.8 

3.2 

3.2 

3.3 

3.7 

3.4 

4.0 

3.2 

6.4 

C-14 

3.7 

3.4 

3.5 

3.4 

2.8 

3.9 

3.1 

3.4 

3.1 

3.1 

3.0 

3.0 

C-15 

3.3 

4.1 

3.1 

3.7 

2.6 

3.4 

2.9 

4.1 

3.4 

4.0 

3.0 

3.4 

C-16 

3.5 

3.2 

2.6 

3.6 

2.7 

3,1 

2.9 

4.3 

3.2 

2.9 

2.3 

3.1 

C-20 

2.6 

4.8 

2.3 

3.6 

2.4 

3.5 

2.6 

3.3 

2.9 

2.1 

2.6 

3.1 

C-21 

2.9 

3.6 

2.8 

3.8 

j  2.6 

3.2 

2.9 

3.9 

2.5 

4.0 

2.3 

4.3 

C-22 

3.0 

4.7 

2.5 

3.8 

|  2.6 

3.4 

2.7 

4.7 

3.8 

2.7 

2.5 

5.1 

C-23 

3.1 

2.9 

2.9 

3.1 

2.3 

3.8 

2.9 

3.2 

3.8 

2.6 

* 

1.1  : 

3.3 

SVC-24 

3.3 

3.8 

2.8 

2,8 

2.6 

3.6 

3.1 

3.7 

2.2 

5.7 

2.5 

4.4 

SVC-25 

3.7 

4.0 

3.2 

4.1 

3.0 

6.0 

2.4 

6.1 

2.6 

6.0 

SVC-26 

3.4 

4.4 

2.6 

3.8 

3.2 

4.9 

2.3 

3.9 

2.3 

4.0 

SVC-27 

2.8 

3.9 

2.3 

4.1 

2.7 

5.1 

2.3 

3.1 

2.8 

3.9 

SVC-28 

3.1 

3.9 

2.4 

3.2 

2.8 

4.5 

2.3 

4.4 

2.2 

3.7 

SVC-29 

2.9 

4.1 

2.6 

3.2 

2.3 

4.6 

2.6 

4.4 

2.9 

4.4 

2.8 

4.9 

SVC-30 

2.9 

6.2 

2.3 

6.4 

2.4 

5.5 

2.8 

5.0  I 

i 

2.5 

6.5 

2.6 

6.3 

NOTE:  These  values  are  expressed  in  terms  of  mg  KOH/gram  oil 


•‘New  Oil 
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Lewis,  WA  Lube  Oil  Samples  (New) 


TABLE  5-4 


FT 


LEWIS,  WA  LUBE  OIL  SAMPLES  (NEW) 


g 

fa 


CO  05  Si 


CO 

co 

CM 

<y> 

in 

rH 

J 

1-3  rH 

ID 

CM 

CO 

!— 

l  in 

i 

■•S' 

<J\ 

C 

in 

rH 

HH 

*H  rH 

D 

ts 

rH 

in 

CO 

ID  CO 

>i 

rr 

U1  CM 

5 

• 

• 

CO 

Z 

• 

• 

z 

z  • 

Z 

• 

• 

r-H 

•  • 

(0 

t" 

rH  1 

in 

05 

rH 

ts 

ts 

cs 

ts 

ts 

CO  co 

£  •• 

r— 1 

1  U 

rH 

rH 

cs 

05 

co  £ 

rH 

C  G 

*H  r-H 

3 

Lewi  s 
g  res 

c 

r~  cm 

cs 

•  »rH 

05 

00  •M' 

is 

r~- 

cs 

cs 

rH 

J  CM 

J 

in 

G 

G 

G  3 

ts 

I  in 

1 

<o 

rH 

CO 

05 

rH 

r-H 

M  rH 

M 

ts 

ts 

H 

w 

in  r- 

fa  O 

CM 

^  CM 

5 

• 

• 

rH 

• 

• 

• 

• 

z  • 

z 

• 

• 

z 

z 

•  • 

rH 

co 

rH  1 

in 

CO 

CO 

rH 

ts 

ts 

tS 

ts 

ts 

ts 

ts 

cm  ^ 

E  rH 

rH 

i  a 

rH 

rH 

rH 

o  o 

m  £ 

rH 

p  ip 

G 

cu 

t)  n: 

aj  g 
> 

•H  J3 

QJ  G 

U  -H 

ppm 

ts 

r~  ts 

cs 

QJ  3 

rH 

in 

CO 

00  CO 

m 

in 

05 

VO 

rH 

rH 

J  CM 

g 

CO 

G 

G 

H 

D 

cs 

l  cs 

i 

00 

rH 

ts 

CO 

rH 

rH 

W  r-H 

M 

ts 

ts 

M 

M 

m  • — i 

G 

u 

CM 
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Dl  =  The  collection  (count)  of  ferromagnetic  particles 
which  are  of  5  um  size  and  larger  which  are  deposited  within  a 
few  millimeters  after  entering  the  magnetic  field  of  monitoring 
device,  and  this  collection  is  called  the  "entrance  deposit". 

Dg  =  The  next  collection  of  ferromagnetic  particles,  which 
are  smaller  than  5  um  in  size,  which  are  deposited  at  a  point 
about  five  millimeters  (.195  in)  downstream  from  the  "entrance 
deposit,"  this  collection  is  called  the  S  deposit. 

As  can  be  seen  in  the  results  of  the  DR  -  Ferrograph  tests  (Table 
3-1) ,  the  summation  of  the  Df  and  Dg  values,  or  the  WPC 
value,  always  exhibited  a  larger  value  for  the  D.  figure,  than 
for  the  Dg  value.  And,  since  the  value  represents 
ferromagnetic  particles  which  are  larger  than  5  um  in  size,  these 
particles  would  indicate  a  potential  wear-damage  factor  for 
engine  components.  This  is  because  it  is  generally  considered  by 
analysts  for  engine  wear  that  metal  particulates  of  less  than  5 
um  size,  do  not  present  a  serious  threat  to  engine  wear. 

However,  it  should  be  mentioned  that,  quantitatively  speaking, 
the  actual  effects  on  wear  of  these  5  um  and  smaller  particles 
are  not  precisely  known  at  this  time.  Also,  it  should  be 
mentioned  that  these  military  M939A1  vehicle  engines  were  not 
given  any  tear-down  inspections  after  the  completion  of  the 
two-year  program.  It  was  not  feasible  to  conduct  any  tear-down 
of  these  engines,  since  these  military  trucks  were  being  utilized 
for  continuing  Fleet  Operations  by  the  9th  I.D.  at  Fort  Lewis, 
Wash. 

In  Table  3-1,  the  WPC  values  shown  for  the  "A"  and  "B"  Battery 
vehicles,  were  lower  in  all  cases  than  the  WPC  values  shown  for 
the  "C"  Battery  vehicles.  Also,  it  can  be  seen  that  these  WPC 
values  for  the  "A"  &  "B"  Battery  trucks  were  less  than  the  "C" 
Battery  trucks,  even  when  the  14.8  percent  oil  dilution  factor  is 
taken  into  account.  For  example,  the  WPC  values  shown  in  Table 
3-1  for  the  sampling  #7  (at  12-month  period) ,  show  a  WPC  of  25.3 
for  "A"  Battery,  and  22.9  for  the  "B"  Battery,  as  compared  to  a 
WPC  of  40.4  for  the  "C"  Battery  trucks.  It  can  be  easily  seen 
that  a  14.8%  increase  in  either  the  "A"  or  "B"  Battery  values 
(approx.  3.5  increase),  would  not  alter  this  relationship 
appreciably.  The  only  exception  to  this  relationship  was  found 
in  the  final  sampling  (No.  13),  where  the  WPC  value  for  the  "A" 
Battery  of  41.5  when  increased  by  14.8  percent,  would  be  slightly 
above  the  "C"  Battery  WPC  value  of  46.9.  (See  Table  3-1) 
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5.2  LAB  TEST  RESULTS  PER  SAE  HS-J806b  SPECIFICATION 


5.2.1  DISCUSSION 

The  two  types  of  "by-pass"  oil  filters.  Filter  "A"  and  Filter 
"B",  were  tested  at  the  Southwest  Research  Institute 
laboratories  per  the  requirements  of  SAE  HS-J806b,  and  the 
Chapters  1,  2,  3,  4  and  7. 

A  comparison  of  the  laboratory  test  results  for  the  two  subject 
filters  is  presented  as  follows: 

CHAPTER  1  -  Resistance  to  Flow 

As  was  noted  in  the  laboratory  report,  the  Filter  "B" 
exhibited  a  lower  resistance  to  flow  (psi)  than  did  the  Filter 
"A"  for  all  flow  rates  below  1.00  GPM. 

CHAPTER  2  -  Filter  Capacity  and  Contaminant  Removal 
Characteristics 

The  Filter  "B"  showed  a  higher  capacity  in  grams  (14.72 
gms)  than  did  the  Filter  "A"  (11.43  gms) ,  at  a  point  where  50%  of 

the  original  flow  through  filters  was  attained,  and  the  Filter 
"B"  showed  greater  life  in  hours. 

CHAPTER  3  -  Single  Pass  Particle  Retention  Capacity 

As  was  shown  in  the  laboratory  test  results,  the  Filter 
"A"  exhibited  a  single  pass  efficiency  of  99.1  percent,  as 
compared  to  the  Filter  "B"  efficiency  of  79.1  percent.  However, 
it  should  be  mentioned  that  these  results  could  be  somewhat 
misleading,  since  this  particular  test  was  designed  primarily  for 
full-flow  type  oil  filters,  which  have  much  higher  flow  rates 
than  do  the  bypass  oil  filters. 

CHAPTER  4  -  Media  Migration  Test 

The  test  results  showed  relatively  low  rates  of  media 
migration  for  both  subject  filters,  with  the  Filter  "B" 
exhibiting  a  media  migration  rate  approximately  only  1/3  of  that 
for  the  Filter  "A". 

CHAPTER  7  -  Ability  to  Meet  Environmental  Conditions 

For  the  effect  of  water  in  the  oil  on  the  filter 
contaminant  capacity,  the  capacity  in  grams  of  AC  dust  was  nearly 
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identical  for  both  subject  filters,  and  the  Filter  "B"  exhibited 
a  somewhat  longer  life  in  hours.  However,  this  could  be  expected 
since  the  interior  volume  of  the  Filter  "B"  housing  (approx  3.25 
qts)  is  slightly  larger  than  the  Filter  "A"  housing  (approx.  2.75 
qts) .  Also,  it  was  noted  that  the  test  results  showed  that 
neither  of  the  subject  filters  affected  the  additive  contents  of 
the  oils  used  for  the  tests. 

CONCLUSIONS 

The  overall  comparison  of  these  test  results  would  indicate  that 
the  oil  Filter  "B"  exhibited  slightly  better  filtration 
capabilities  (in  some  tests)  than  the  Filter  "A".  One  difference 
that  was  shown  was  in  the  resistance  to  flow  (chap.  1) ,  where  the 
Filter  "B"  displayed  slightly  less  pressure  resistance  than  did 
the  Filter  "A".  However,  it  should  be  mentioned  here  that 
previous  lab  testing  has  shown  that,  for  any  given  filter  type, 
the  filters  internal  resistance  to  flow  may  vary  by  as  much  as  + 

1  psi,  for  a  given  flow  rate. 

In  the  single  pass  particle  retention  capacity  test  (chap.  3),  it 
can  be  seen  that  the  Filter  "A"  exhibited  a  better  single-pass 
efficiency.  However,  this  particular  test  is  not  considered  to 
be  very  meaningful  for  by-pass  type  filters,  due  to  their  very 
low  flow  rates,  as  compared  to  the  standard  full-flow  filters. 
This  comparison  between  the  two  subject  by-pass  oil  filters  is 
better  shown  in  the  Chap.  2  test,  which  considers  the  overall 
filter  capacity  and  contaminant  removal  characteristics.  In  this 
test,  the  Filter  "B"  exhibited  a  higher  capacity  in  grams  (14.72 
gins)  than  did  the  Filter  "A"  -  (11.43  gms)  . 

5.3  COST  EFFECTIVENESS  COMPARISON  ANALYSIS 

5.3.1  In  comparison  of  the  various  cost  factors  associated  with 
the  installation  and  usage  of  by-pass  oil  filters  on  military 
vehicle  engines,  there  are  the  following  factors  to  be 
considered : 

The  unit  costs  involved  with  each  type  of  by-pass  oil  filter  (as 
tested  at  Fort  Lewis,  Wash.)  and  shown  in  the  Table  5.5.,  reveal 
that  the  basic  unit  costs  are  variable,  and  relatively  high.  As 
can  be  seen  in  the  chart,  the  Filter  "A"  +  kit  costs  $293.00,  as 
compared  to  a  total  cost  of  $155.00  for  the  Filter  "B"  Assembly. 

It  should  be  mentioned  that  these  unit  costs  were  supplied  by  the 
respective  oil-filter  assembly  manufacturers,  and  these  unit 
prices  can  change  at  any  time,  like  any  other  NDI  commercial 
item. 
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Another  factor  to  be  considered  is  the  labor  cost  for 
installation  of  these  by-pass  oil  filters  on  the  military  vehicle 
engines.  The  labor  cost,  as  determined  by  the  man-hours  used  to 
install  these  oil  filters  on  M939A1  trucks  at  Fort  Lewis,  WA,  was 
approximately  $87.00  per  unit.  This  is  based  on  the  average  time 
required  to  install  these  by-pass  filters,  based  on  U.  S.  Army 
Maintenance  man-hours  (3  hours  at  $29.00  hr).  Of  course,  this 
labor  cost  factor  would  be  changed  appreciable  (presumable  lower) 
in  the  event  of  a  factory-installed  oil  filter.  There  are  no 
cost  factors  available  for  a  factory  installation  at  this  time. 

An  evaluation  of  the  two-year  oil-filter  program  at  Fort  Lewis, 
WA,  indicated  that  the  best  possible  projected  cost  savings  which 
could  occur  due  to  usage  of  the  by-pass  oil  filters  would  be  (in 
some  cases,  not  for  all  vehicles) ;  the  elimination  of  less  than 
one-half  (1/2)  of  one  (1)  engine  oil  change,  in  a  two-year 
period.  This  would  be  an  actual  cost  savings  of  less  than  $48.00 
per  vehicle,  based  on  Army  Maintenance  costs  per  oil  change  as 
follows:  27  qts  of  MIL-L-2104  oil  at  $1.25/qt  ($33.75),  and  (1) 
filter  element  kit  ($33.00),  plus  one  hour  of  labor  at  $29.00. 
(Total  cost  of  $95.75) . 

5.4.  COST  ANALYSIS  RESULTS. 

Based  on  the  cost  figures  shown  for  a  two-year  period,  that 
is,  the  total  cost  of  the  installation  of  by-pass  oil  filter,  and 
the  savings  of  less  than  1/2  of  oil  change,  this  is  not  a 
cost-effective  program.  However,  since  the  two-year  test  program 
at  Fort  Lewis,  WA,  did  not  allow  for  any  evaluation  of  long-term 
engine-wear  characteristics  on  these  truck  engines,  i.e.,  for 
operation  with  and  without  by-pass  oil  filters,  this  question,  or 
test  parameter,  cannot  be  answered.  But,  it  can  be  stated  here 
that  since  the  subject  military  trucks  (M939Al's)  accumulate  much 
less  mileage  than  similar  commercial  trucks  (5-ton),  say,  in  a  10 
year  period,  the  effects  of  oil  lubrication  on  engine  wear  may 
not  be  a  serious  consideration. 

5.5  TEST  PROGRAM  PROCEDURES 

5.5.1  INSTALLATION  OF  "BY-PASS"  OIL  FILTERS 

There  was  a  total  of  30  by-pass  oil  filters  installed  (15  ea. 
from  two  suppliers).  (Filter  "A"  and  Filter  "B".).  (See  Figs. 
5-2.  thru  5-9. ) . 

(1)  These  filters  were  installed  by  two  teams  of 
technicians:  two  men  from  TACOM  and  two  men  from  Fort  Lewis  (DS 
Level  Maintenance  men).  Each  oil-filter  assembly  will  have  a 
test  serial  number  stenciled  on  HSG. 

(2)  Each  fleet  vehicle  that  was  a  part  of  test  program, 
including  20  M939  trucks  which  were  control  vehicles,  had  their 
engine  oil  and  oil  filters  changed  at  start  of  test. 
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5-3.  BY-PASS  OIL  FILTER  (BOTTOM 

VIEW)  -  SHOWING  INLET  &  OUTLET 
LINES 
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5-5 .  STANDARD  COVER  PLATE  (ON  RT 
SIDE  OF  BLOCK) 
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5-7#  BY-PASS  OIL  FILTER  AND 
ATTACHING  BRACKETS 


5-9.  OIL  LINE  INLETS  AND  RETURN  PLUG 
ON  LEFT  SIDE  OF  ENGINE 


(3)  The  oil  used  in  these  vehicles  was  SAE  15W40  (per 
MI L-L-2 104 )  -  Please  record  the  supply  oil  drum  qualification 
number . 

(4)  Each  fleet  vehicle  in  this  test  program  had  a 
specially  marked  Log  Book  (stored  in  the  truck  cab)  -  which 
incorporated  log  data  entries  as  follows: 

(a)  Odometer  reading  &  engine  hours  +  date  at  start. 

(b)  Serial  No.  of  the  "by-pass"  oil  filter. 

(c)  Odometer  reading  &  engine  hrs  +  date  -  ea.  time 
"AOAP"  sample  is  taken. 


oil  is  added. 


changed . 


(d)  Odometer  reading  &  engine  hrs  +  date  -  ea.  time 

(e)  Odometer  reading  &  engine  hrs  +  date  when  oil  is 


(f)  Document  any  problems  in  vehicle  engine 


operation  (date,  time  odom/eng  hrs) . 

(g)  Document  environmental  conditions  during  vehicle 
operation  (date,  time,  odom/eng  hrs) . 

(h)  Tagged  selected  oil  filter  elements  when  removed 
from  test  vehicles  and  held  these  filter  elements  for  TACOM. 
(Identify  by  Tag  No.). 

5.5.2  "AOAP"  SAMPLE  COLLECTION  DURING  TEST  PROGRAM 

a.  Frequency  of  two  (2)  oil  samples  on  each  vehicle 

(1)  Two  oil  "AOAP"  samples  taken  each  60  days. 

(2)  Two  oil  samples  taken  simultaneously  from  each  test 
vehicle.  Oil  samples  were  drawn  out  through  a  leak-proof  valve 
(see  Fig .  5-10) . 

b.  Where  "AOAP"  oil  samples  were  sent  to: 

(1)  First  oil  sample  sent  to  standard  "AOAP"  lab  at  Fort 

Lewis. 

(2)  Second  oil  sample  was  specially  packaged  and  mailed 
to  "BFLRF"  lab  at  San  Antonio,  TX,  78284. 

The  AOAP  sample  bottles  mailed  to  "BFLRF"  were  color 
coded  yellow . 
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c.  Whenever  any  amount  of  new  oil  was  added  to  the  engine  on 
any  test  vehicle,  the  exact  quantity  of  oil  and  date  of  oil 
addition  was  recorded  in  the  vehicle  log  book  on  Form  DD-2026. 

d.  There  was  not  any  changing  of  the  test  vehicle  oil  filter 
elements  either  ful 1-flow  or  "by-pass"  type  filter  elements, 
without  the  express  approval  of  the  Fort  Lewis  "Cobro"  (Cook 
Brown  Co.)  support  monitor.  (See  Figs.  5-11,  5-12,  5-13). 

5.5.3  DATA  COLLECTION  &  PROCESSING 

a.  The  Fort  Lewis  "Cobro"  support  monitor  for  the  oil 
filter  test  was  responsible  for  monitoring  (and  collecting)  the 
following  data: 

(1)  He  made  certain  that  the  vehicle  log  book  driver 
entries  were  being  made  in  satisfactory  manner  and  regular  basis 
on  each  test  &  control  vehicle. 

(2)  He  made  certain  that  the  two  oil  samples  were  taken 
on  each  vehicle  at  60  day  intervals. 

(3)  He  recorded  the  oil  drum  qualification  number  from 
each  new  supply  drum. 

(4)  He  delivered  the  first  AOAP  sample  to  Fort  Lewis 
lab,  and  second  AOAP  sample  to  Belvoir  Fuels  &  Lubricants 
Research  Facility,  San  Antonio,  TX. 

(5)  Details  for  used  oil  analysis  at  BFLRF  lab: 

(a)  Metallic  concentrations  (12  elements) . 

(b)  Viscosity  measurements. 

(c)  Record  TAN  &  TBN  values. 

(d)  Check  for  fuel  dilution. 

(e)  Ferrographic  tests. 

NOTE:  After  the  completion  of  the  two-year  test  program, 

approximately  40  gallons  of  used  oil  was  collected  from  vehicles 
in  each  group  ("A",  "B"  &  "C"  batteries) ,  and  this  oil  was 
shipped  to  BFLRF  (at  San  Antonio,  TX)  for  further  laboratory 
tests.  (See  Fig.  5-14) 
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5-11.  BY-PASS  FILTER  ELEMENT  &  HSG 
(AFTER  TESTING) 
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DRUMS  OF  USED  OIL  (AFTER 
COMPLETION  OF  TESTING  TO  BE 
SHIPPED  TO  BFLRF  LAB,  SAN 
ANTONIO,  TX,  FOR  FURTHER 
TESTING) 


5.6  SOURCE  SAMPLES  (NEW  OIL  AT  FORT  LEWIS,  WA) 


The  engine  oil  used  throughout  the  by-pass  oil  filter 
evaluation  test  was  an  uncontrolled  variable.  Supply  oil  in 
stock  (per  MIL-L-2104)  at  Ft.  Lewis  was  used.  Table  5-4  presents 
the  inspection  properties  of  four  different  source  samples.  Oils 
AL-16207,  16208  and  16209  were  used  when  the  by-pass  filters  were 
installed  in  May  1987.  Sample  AL-17478  was  taken  in  March, 

1988.  Oils  AL-16207,  16208  and  16209  were  from  different 
suppliers;  however,  they  contained  similar  additive  element 
contents.  Oil  AL-17478  had  a  different  additive  composition  and 
did  not  contain  calcium  and  also  had  a  much  higher  magnesium 
content. 
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TABLE  5-5. 


BASIC  COST  OF  BY-PASS  OIL  FILTERS 


COMPARISON  FILTER  "A"  VS  FILTER  "B" 


UNIT  COST  OF  ITEMS 

DESCRIPTION  OF  ITEM 

FILTER  "A"  MODEL 

FILTER  "B"  MODEL 

C-100  By-Pass  Filter  Assy: 

1  to  100  units 

$275.00  (ea) 

101  to  1000  units 

233.75  (ea) 

Above  1000  units 

220.00  (ea) 

Filter  Element  Replacement 

18.00  (ea) 

Installation  Kit: 

55.00  (ea) 

(Hoses,  fittings,  adapters, 

&  gauge) 

Labor  (approx  3  man-hrs  at 

$29. 00/hr 

87.00 

W/O  Labor  (lowest  unit  cost) 

GRAND  TOTAL  - 

■  $293.00 

BPT  5012  -  Filter  Assy 

1  to  100 

$82.00 

(Above  1000  units,  a  2%  discount) 

Filter  Element  -  Replacement 

15.00 

Installation  Kit: 

Hoses,  fittings,  adapters 

58.00 

Labor  (approx.  3  man-hrs  at 

$29. 00/hr) 

87.00 

Lowest  Unit  Cost)  GRAND  TOTAL  -  W/0  Labor  - 

$155.00 
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'A"  FILTERS  TACOM  OIL  FILTER  PROGRAM  MILEAGES 


TABLE  5-6 


TACOM  OIL  FILTER  PROGRAM  MILEAGES 
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TACOM  OIL  FILTER  PROGRAM  MILEAGES 


TABLE  5-7 .  TACOM  OIL  FILTER  PROGRAM  MILEAGES 
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Engine  was  replaced  in  Veh  B-12  on  1  May  88  Average  Mileage  =  4646.8 
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TABLE  5-8 


TACOM  OIL  FILTER  PROGRAM  MILEAGES 
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APPENDIX  A 

QUANTITATIVE  FERROGRAPHY  - 
ITS  MEANING  AND  APPLICATION 


A-l 
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Technical  Information  tisio-w 


QUANTITATIVE  FERROGRAPH  Y  - 
ITS  MEANING  AND  APPLICATION 

The  OR  Ferrograph  measures  the  concentration  of  wear  particles  in  lubricating  oil.  This 
technical  information  note  describes  the  quantitative  techniques  used,  explains  the  signifi¬ 
cance  of  wear  particles  and  wear  particle  equilibrium,  and  considers  sampling  strategy. 


QUANTITATIVE  MEASUREMENTS  IN  FERROGRAPHY 

The  DR  Ferrograph  separates  out  particles  having  positive 
magnetic  susceptibility  by  means  of  a  high  gradient  magnetic 
field.  Magnetic  separation  is  nearly  100%  effective  for  fer¬ 
romagnetic  particles  larger  than  0.1  micrometers.  The  fer- 
rographic  separation  technique  causes  all  ferromagnetic 
debris  larger  than  5  micrometers  to  deposit  a  few  millimeters 
after  entering  the  magnetic  field.  Consequently,  the  "entrance 
deposit"  contains  all  the  larger  particles  and  a  representative 
portion  of  the  smaller  particles. 

No  ferromagnetic  particles  larger  than  a  few  micrometers 
penetrate  further  than  a  few  millimeters  downstream  from  the 
entrance  deposit  Particle  size  becomes  progressively  smaller 
along  the  deposition  path. 

The  DR  Ferrograph  senses  particles  at  two  locations.  First  at  -r\ 
the  entrance  deposit,  usually  referred  to  as  “L“  and  second. 
about  five  millimeters  downstream,  usually  referred  to  as  "S m~Py 
The  DR  Ferrograph  senses  the  presence  of  particles  by 
measuring  the  amount  of  light  attenuated  at  the  two  deposrtion 
locations. 

Wear  Particle  Concentration  (WPC)  is  the  sum  of  L  +  S.  divid¬ 
ed  by  sample  size  (volume).  In  most  casesthe  sample  volume 
is  one  ml,  so  WPC  is  simply  L  +  S.  "Percent  Large  Particles" 

(PLP)  is  calculated  as  follows: 

PERCENTAGE  LARGE  PARTICLES  (PLP)  - 100  (L  -  SV(L  +  S) 

When  using  the  DR  Ferrograph,  the  user  may  calculate  WPC 
and  PLP  from  L  and  S.  These  calculations  are  normally  used 
for  trending  wear  conditions  and  establishing  quantitative 
baselines.  See  Examples  A  and  6. 

Example  A: 

Determine  WPC  and  PLP  when  L  readout  is12andSis6;  sam¬ 
ple  volume  3  ml. 


WPC  = 

L  +  S 

12  +  6 

Sample  Size 

3 

PLP- 

r-f  *100  = 

x  100  =  33% 

L  +  S 

(12  +  6) 

Example  B: 

One  ml  of  sample  is  mixed  with  4  ml  of  clean  oil  to  produce  a 
5:1  dilution.  One  ml  of  this  diluted  sample  is  processed.  Dilu¬ 
tion  is  5  to  1:  therefore  sample  volume  is  0  2  ml. 

L  *  21 


- 12 

WPC  = 

L  +  S 

-  21  +  12  „  33  =165 

Sample  Size 

0.2  0.2 

PLP  = 

x  100  = 

(2~L:..i.?i  x10o*=  9  xioo 

L  +  S 

(21  + 12)  33 

PLP  =  27% 

Other  combinations  of  L  and  S  have  been  tried  by  ferrograph 
users  for  trending  data,  but  WPC  and  PLP  are  recommended 
because  they  relate  to  concentration  and  size  distnbution  clearly 
and  directly. 

See  Appendix  I,  Establishing  Quantitative  Baselines  with  the 
DR  Ferrograph. 

SIGNIFICANCE  OF  WEAR  PARTICLES 

Concentration  and  size  distribution  of  wear  particles  reveal  con¬ 
siderable  information  about  the  condition  of  lubneated  wear¬ 
ing  surfaces  within  a  machine.  Figure  1  illustrates  how  particle 
concentration  and  size  increase  as  the  wear  process  pro¬ 
gresses  from  a  normal  operating  condition,  to  incipient  failure 
and,  finally,  to  catastrophic  failure  It  should  be  understood  that 
each  failure  mode  (cutting  wear,  fatigue,  etc.)  exhibits  a  different 
failure  profile  anp  Figure  i  ismerelyatypicalexamDleofawear 
condition. 
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Standard  Test  Method  for 

Acid  Number  of  Petroleum  Products  by  Potentiometric 
Titration1 
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Non— An  editorial  correction  «*■  made  in  I2J  December  21, 1919. 

„  — -  - 

1.  Scope  Referenced  Documents 


1.1  Thu  test  method  coven  procedures  for  the  determina¬ 
tion  of  addic  constituents  in  petroleum  products  and  lubri¬ 
cants  (Note  1)l  The  test  method  resolves  these  constituents 
into  groups  having  wcak4dd  and  strong-acid,  ionization 
properties,  provided  the  dissociation  constants  of  the  more 
strongly  acidic  compounds  are  at  least  1000  times  that  of  the 
next  weaker  groups. 

Nora  1— la  new  and  used  oih,  the  constituents  that  may  be 
considered  to  bivt  iddie  ch&ncterbdcs  bdiKk  orgtnic  tod  iaor|SDic 
adds,  esters,  phenolic  compounds,  hetona,  resins,  sahj  of  heavy  metals, 
salts  of  ammonia  and  other  weak  bases,  add  sahs  of  potybesic  adds  and 
addition  (tents  such  as  Inhibitors  and  detesienta. 

1.2  The  test  method  may  be  used  to  indicate  relative 
changes  that  occur  in  an  oil  during  use  under  oxidizing 
conditions  regardless  of  the  color  or  other  properties  6f  the 
resulting  oil  (Note  2).  Although  the  titration  is  made  under 
definite  equilibrium  conditions,  the  method  b  not  intended 
to  measure  an  absolute  acidic  property  that  can  be  used  to 
predict  performance  of  an  oil  under  service  conditions.  No 
general  relationship  between  bearing  corrosion  and  add 
number  b  known. 

Nora  2 — ASTM  Test  Method  D  4739  was  developed  as  aa  alterna¬ 
tive  to  the  base  number  portion  of  Test  Method  D  664  -  II.  Base 
numbers  obtained  by  this  test  method  may  or  may  not  be  numerically 
the  same  as  those  obtained  by  the  base  number  portion  of  D  664-  SI. 

1.3  This  standard  may  involve  hazardous  materials,  oper¬ 
ations,  and  equipment.  This  standard  does  not  purport  to 
address  all  of  the  safety  problems  associated  with  its  use.  It  is 
the  responsibility  of  the  user  of  this  standard  to  establish 
appropriate  safety  and  health  practices  and  determine  ihe 
applicability  of  regulatory  limitations  prior  to  use. 


'  This  ten  method  k  under  the jurisdiction  of  ASTM  Committee  D-2  oa 
Petroleum  Products  and  Lubricants  and  is  the  direct  responsibility  of  Subcom¬ 
mittee  D0106  oa  Analysts  of  Lubricants. 

Current  edition  approved  Dec  21,  1919.  Published  January  1990.  Originally 
published  as  D  464  -  42  T.  Last  prrriAs  edition  D  664 -17. 


2.1  ASTM  Standards: 

D974  Test  Method  for  Add  and  Base  Number  by 
Color-Indicator  Titration3 
D 1193  Specification  for  Reagent  Water*  , 

D2896  Test  Method  for  Total  Base  Number  of  Petroleum 
Products  by  Potentiometric  Perchloric  Add  Titration4 
D3339  Test  Method  for  Add  Number  of  Petroleum 
Products  by  Semi-Micro  Color  Indicator  Titration4 
D  4739  Test  Method  for  Base  Number  Determination  by 
Potentiometric  Titration3 

3.  Descriptions  of  Terms  Specific  to  This  Standard 

3.1  acid  number— the  quantity  of  base,  expressed  in 
milligrams  of  potassium  hydroxide  per  gram  of  sample, 
requited  to  titrate  a  sample  in  the  solvent  from  its  initial 
meter  Tending  to  a  meter  reading  corresponding  to  a  freshly 
prepared  non-aqueous  basic  buffer  solution  or  a  well  defined 
inflection  point  as  specified  in  the  test  method. 

3  2  strong  acid  number— the  quantity  of  base,  expressed 
as  milligrams  of  potassium  hydroxide  per  gram  of  sample, 
required  to  titrate  a  sample  in  the  solvent  from  its  initial 
meter  reading  to  a  meter  reading  corresponding  to  a  freshly 
prepared  non-aqueous  acidic  bufier  solution  or  a  well 1 
defined  inflection  point  as  specified  in  the  test  method. 

4.  Summary  of  Test  Method  » 

4.1  The  sample  is  dissolved  in  a  mixture  of  toluene  and 
isopropyl  alcohol  containing  a  small  amount  of  water  and 
titrated  potentiometrically  with  alcoholic  potassium  hy¬ 
droxide  using  a  glass  indicating  electrode  and  a  calomel 
reference  electrode.  The  meter  readings  are  plotted  manually . 
or  automatically  against  the  respective  volumes  of  titrating 
solution  and  the  end  points  are  taken  only  at  well  defined 


*  Annual  Book  cf  ASTU  Standards,  Vet  0101. 

*  Annual  Book  of  ASTM  Smdtnb,  Vol  I  IjOI  . 

*  Amatoi  Book  of  ASTU  Standards,  Voi  03.02. 

*  Amatol  Book  efASTM  Sumdtrdt,  Vol  OJJ33. 


Fia  1  Cnfl  for  Potnnttomntric  Tttntion 

4 

inflections  in  the  resulting  curve.  When  no  definite  inflec¬ 
tions  are  obtained,  end  points  are  taken  at  meter  readings 
corresponding  to  those  found  for  freshly  prepared  non- 
aqueous  acidic  and  basic  buffer  solutions. 

5.  Significance  and  Use 

5.1  New  and  used  petroleum  products  may  contain  acidic 
constituents  that  are  present  as  additives  or  as  degradation 
products  formed  during  service,  such  as  oxidation  products. 
The  relative  amount  of  these  materials  can  be  determined  by 
titrating  with  bases.  The  add  number  is  a  measure  of  this 
amount  of  addic  substance,  in  the  oil-always  under  the 
conditions  of  the  test.  The  add  number  is  used  as  a  guide  in 
the  quality  control  of  lubricating  oil  formulations.  It  is  also 
sometimes  used  as  a  measure  of  lubricant  degradation  in 
service.  Any  condemning  limits  must  be  empirically  estab¬ 
lished. 

5.2  Since  a  variety  of  oxidation  products  contribute  to  the 
add  number  and  the  organic  adds  vary  widely  in  corrosion 
properties,  the  test  cannot  be  used  to  predict  corrosiveness  of 
an  oil  under  service  conditions.  No  general  correlation  is 
known  between  add  number  and  the  corrosive  tendency  of 
oils  toward  metals. 


6.  Apparatus 

6.1  Potentiometric  Titrimeter,  automatic  recording  or 

itianiql. 

6.2  Glass  Indicating  Electrode. 

6.3  Calomel  Reference  Electrode,  inverted  sleeve  type 
(Note  3). 

6.4  Stirrer,  Buret,  Stand,  Titration  Vessel,  as  specified  in 
Annex  A2  are  required.  A  typical  cell  assembly  is  shown  in 
Fig.  1. 

Non  3 — Combination  electrodes,  because  of  their  slow  response, 
have  been  found  unsuitable  for  this  method. 
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ical  Society,  where  such  sped fi cations  are  available.*  Other 
grades  may  be  used,  provided  it  is  firs;  ascertained  mat  the 
reagent  is  of  suflidently  high  purity  to  permit  its  use  without 
lessening  the  accuracy  of  the  determination. 

7.2-  Purity  of  Water— Utica  otherwise  indicated,  refer¬ 
ences  to  water  sh«n  be  understood  to  mean  reagent  water  as 
defined  by  Type  Ill  of  Specification  D  1 193. 

7.3  Buffer,  Nonaqueous  Acid — Add  10  mL  of  buffer  stock 
solution  A  to  100  mL  of  titration  solvent.  Use  within  1  h. 

7.4  Buffer  Nonaqueous  Basic— Add  10  mL  of  buffer  stock 
solution  B  to  100  mL  of  titration  solvent  Use  within  1  h. ' 

7.5  Buffer  Stock  Soiution  A — Accurately  weigh  24.2  ±  0. 1 
g  of  2,4,6-trimethyl  pyridine  (y-coltidine),  and  transfer  to  a 
1-L  volumetric  flask  containing  100  mL  of  isopropyl  alcohol. 
Using  a  1-L  graduated  cylinder,  add  to  the  flask,  while 
continuously  stirring  its  contents,  1 50/N,  ±  5  mL  of  0.2  jV 
alcoholic  HG  solution  (Nx  being  the  exact  normality  of  the 
HG  solution  found  by  standardization).  Dilute  to  the 
1000-mL  mark  with  isopropyl  alcohol,  and  mix  thoroughly. 
Use  within  2  weeks. 

7.6  Buffer  Stock  Solution  B— Accurately  weigh  27.S  ±  0. 1 
g  of  m-nitrophenol  and  transfer  to  a  1-L  volumetric  flask 
containing  100  mL  of  isopropyl  alcohoL  Using  a  230-mL 
graduated  cylinder,  add  to  the  flask  while  continuously 
stirring  its  contents,  50/Ht  ±  1  mL  of  0.2  N  alcoholic  KOH 
solution  (A,  being  the  exact  normality  of  the  KOH  solution 
found  by  standardization).  Dilute  to  the  1000-mL  mark  with 
isopropyl  alcohol  and  mix  thoroughly.  Use  within  2  weeks. 

7.7  Hydrochloric  Acid  Solution,  Standard  Alcoholic  (0.1 
tf)— Mix  9  mL  of  hydrochloric  (HO,  sp  gr  1.19)  add  with  1 
L  of  anhydrous  isopropyl  alcohoL  Standardize  frequently 
enough  to  detect  normality  changes  of  0.0005  by  poten¬ 
tiometric  titration  of  approximately  8  mL  (accurately  mea¬ 
sured)  of  the  0.1  N  alcoholic  KOH  solution  diluted  with  125 
mL  of  COj-fiee  water. 

7.8  Hydrochloric  Acid  Solution,  Standard  Alcoholic  (0.2 
H) — Prepare  and  standardize  as  directed  in  7.7  but  use  18 
mL  ofHa(spgr  1.19). 

7.9  Isopropyl  Alcohol,  Anhydrous,  (less  than  0.1  %  H20) 
(Warning — see  Note  4).  If  adequately  dry  reagent  cannot  be 
procured,  it  can  be  dried  by  distillation  through  a  multiple 
plate  column,  discarding  the  first  5  %  of  material  distilling 
overhead  and  using  the  95  %  remaining.  Also  drying  may  be 
accomplished  using  molecular  sieves  such  as  Unde  type  4 A, 
by  passing  the  solvent  upward  through  a  molecular  sieve 
column  using  I  part  of  molecular  sieve  per  ten  parts  of 
solvent 

Non  4:  Warnin* — Flammable. 

7.10  2.4,6  Trimethyl  pyridine  (y  Collidine)  (CHjJjCjHjN 
(mol  weight  121.18),  conforming  to  the  following  require¬ 
ments  (Warning— see  Note  5): 

Boffin*  range  161  to  170*C 

Refractive  inrtf*  SDX  1 .4912  ±  0X005 

Color  calories 


-  s! 

IS 

4k' 


V. 
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7.  Purity  of  Reagents 

7.1  Purity  of  Reagents—  Reagent  grade  chemicals  shall  be 
used  in  all  tests.  Unless  otherwise  indicated,  it  is  intended 
that  all  reagents  shall  conform  to  the  specifications  of  the 
committee  on  Analytical  Reagents  of  the  American  Chem- 


•  'Reagent  Chemical*.  America*  Chemical  Society  Specification*,'  Am.  Chem¬ 
ical  Soc,  Washington.  D.C  For  amotion*  on  the  main*  at  reagent*  not  listed  by 
the  American  Chemical  Society,  tec  'Reagent  Chemical*  and  Standard*,*  by 
Joseph  Rosin,  O.  Van  Notuand  Co,  Inc.  New  Yort,  NY,  and  the  'United  State* 
Pharmacopeia.* 
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Hon  i—2,t.6-TrimetMyt  Pyridine  (t  collidine):  Warning — is  lux* 
ardous  if  iwaflcrwed,  breathed,  or  spilled  on  skin  or  eyes.  Pracaadoo 
Wear  chemical  safety  goggles,  neoprene  or  rubber  (loves  and  apron.  Use 
only  in  a  well- ventilated  hood:  or  wear  an  aooroved  respirator  for 
Organic  vapor  or  a  supplied-air  respirator  Do  not  take  internally. 

7.10.2  Store  the  reagent  over  activated  alumina  and  keep 
in  a  brown  glass  bottle. 

7.11  m-NUnphenot  N02C*K,0H  (mol  weight  139.11), 
conforming  to  the  following  requirements  (Wanting — see 
Note  6Y 

Melting  point  96  to  *7*C 

Color  pole  yellow 

Nor*  6i  Warming — w-Nitxo phenol  may  be  hazardous  if  swallowed, 
breathed,  or  spilled  on  skin  or  eyes.  Wear  chemical-safety  toggles, 
neoprene  or  robber  stoves,  and  apron.  Use  only  in  a  wen-ventilated 
hood,  or  wear  an  approved  respirator  for  organic  vapor  or  a  supptied-air 
respirator.  Do  not  take  internally. 

7.1 1.1  Store  the  reagent  in  a  brown  glass  bottle. 

7.12  Potassium  Chloride  Electrolyte—  Prepare  a  saturated 
solution  potassium  chloride  (KG)  in  water. 

7;13  Potassium  Hydroxide  Solution,  Standard  Alcoholic 
(0.1  H) — Add  6  g  of  potassium  hydroxide  (KOH)  to 
approximately  1  L  of  anhydrous  isopropyl  alcohoL  Boil 
gently  for  10  min  to  effect  solution.  Allow  the  solution  to 
stand  for  2  days  and  then  filter  the  supernatant  liquid 
through  a  fine  sintered-glass  fiinneL  Store  the  solution  in  a 
chemically  resistant  bottle.  Dispense  in  a  manner  such  that 
the  solution  is  protected  from  atmospheric  carbon  dioxide 
(COj)  by  means  of  a  guard  tube  containing  soda  lime  or  soda 
non-fibrous  silicate  absorbants  and  such  that  it  does  not 
come  into  contact  with  cork,  rubber,  or  saponifiable  stop¬ 
cock  grease.  Standardize  frequently  enough  tc  detect  nor¬ 
mality  changes  of  0.0003  by  potentiometric  titration  of 
weighed  quantities  of  potassium  add  phthalate  dissolved  in 
COj-free  water. 

7.14  Potassium  Hydroxide  Solution,  Standard  Alcoholic 
(0.2  N) — Prepare,  store,  and  standardize  as  directed  in  7.13, 
but  use  12  to  13  g  of  KOH  to  approximately  1  L  of  isopropyl 
alcohoL 

7.15  Titration  Solvent— Add  500  mL  of  toluene  (Warn¬ 
ing — see  Note  7)  and  5  mL  of  water  to  495  mL  of  anhydrous 
isopropyl  alcohol.  The  titration  solvent  should  be  made  up  in 
large  quantities,  and  its  blank  value  determined  daily  by 
titration  prior  to  use. 

Nora  7:  Warning — Flammable. 

8.  Preparation  of  Electrode  System 

8.1  Maintenance  of  Electrodes — Gean  the  glass  electrode 
(Note  8)  at  frequent  intervals  (not  less  than  once  every  week 
during  continual  use)  by  immersing  in  cold  chromic  add 
cleaning  solution  (Warning — see  Note  9.)  Drain  the  calomel 
electrode  at  least  once  each  week  and  refill  with  fresh  KG 
electrolyte  as  far  as  the  filling  hole.  Ascertain  that  crystallized 
KG  is  present  Maintain  the  electrolyte  level  in  the  calomel 
electrode  above  that  of  the  liquid  in  the  titration  beaker  or 
vessel  at  all  times.  When  not  in  use,  immerse  the  lower 
halves  of  the  electrodes  in  water.  Do  not  allow  them  to 

•  remain  immersed  in  titration  solvent  for  any  appreciable 
period  of  time  between  titrations.  While  the  electrodes  are 
not  extremely  fragile,  handle  them  carefully  at  all  times. 


Non  I— Oeinicg  the  electrodes*  thoroughly,  keeping  the  grouod- 
glaa  Joint  free  of  foreign  tnstrnslt,  and  regular  testing  ex'  the  electrode* 
an  very  important  in  obtaining  repeatable  potentials,  sace  contamina¬ 
tion  may  Introduce  uncertain  antic  and  uaaaoticeabk  liquid  contact 
potentials.'  While  this  is  of  secondary  importance  when  end  points  art 
chosen  from  inflection  points  in  the  titration  curve,  it  msy  be  quite 
serious  when  end  points  an  chosen  at  arbitrarily-fixed  cell  potential! 

Non  9:  Waning— Causes  seven  buns.  A  recognised  carcinogen. 
Strong  oxidizer.  Contact  with  materials  may  cause  fire.  Hygroscopic 

8.2  Preparation  of  Electrodes — Before  and  after  using, 
wipe  the  glass  electrode  thoroughly  with  a  dean  doth,  or  a 
soft  absorbent  tissue,  and  rinse  with  water.  Wipe  the  calomel 
reference  electrode  with  a  doth  or  tissue,  carefully  remove 
the  ground-glass  sleeve  and  thoroughly  wipe  both  ground 
surfaces.  Replace  the  sleeve  loosdy  and  allow  a  few  drops  of 
electrolyte  to  drain  through  to  flush  the  ground-glass  join: 
(Note  8).  Wet  the  ground  surfaces  thoroughly  with  dectro- 
lyte,  set  the  sleeve  firmly  in  place  and  rinse  the  dectrode  with 
water.  Prior  to  each  titration,  soak  the  prepared  dectrodes  in 
water  for  at  least  5  min  immediatdy  before  use,  and  touch 
the  tips  of  the  dectrodes  with  a  dry  doth  or  tissue  19  remove 
the  excess  of  water. 

8.3  Testing  of  Electrodes— Test  the  meter-electrode  com¬ 
bination  (Note  7)  when  first  put  into  use,  or  when  new 
dectrodes  are  installed,  and  retest  at  intervals  thereafter  by 
dipping  the  dectrodes  into  a  well-stirred  mixture  of  100  mL 
of  the  titration  solvent  and  1.0  to  1.5  mLofO.lN  alcoholic 
KOH  solution.  For  the  meter-electrode  combination  to  be 
suitable  for  use,  the  potential  between  the  dectrodes  should 
change  by  more  than  480  mV  from  the  potential  between  the 
same  dectrodes  when  dipped  in  the  nonaqueous  acidic 
buffer  solution  (Note  10).  . 

NOT!  10 — Considerably  more  sensitive  dectrodes  ire  now  available 
that  will  show  a  potential  change  of  at  least  390  mV  qndcr  these 
conditions,  and  their  use  is  recommended. 


9.  Standardization  of  Apparatus 

9. 1  Determination  of  Meter  Readings  for  the  Nonaqueous 
Buffer  Solutions  Corresponding  to  Acid  and  Base  End 
Points— To  ensure  comparable  sdection  of  end  points  when 
definite  inflection  points  are  not  obtained  in  the  titration 
curve,  determine  daily,  for  each  dectrode  pair,  the  meter 
readings  obtained  with  freshly  prepared  nonaqueous  addic 
and  basic  buffer  solutions. 

Non  11—' The  response  of  different  glass  electrodes  to  hydrogen  ton 
activity  is  not  the  tame.  Therefore,  it  is  necessary  to  establish  regularly 
for  each  electrode  system  the  meter  readings  corresponding  to  the  buffer 
solutions  arbitrarily  selected  to  represent  addic  or  basic  end  points. 

* 

92  Prepare  the  dectrodes  as  described  in  8.2,  immerse, 
them  in  the  nonaqueous  buffer  solution,  and  stir  for  5  min, 
maintaining  the  temperature  of  the  buffer  solution  at  a 
temperature  within  2’C  of  that  at  which  the  titrations  are  to 
be  made.  Read  the  cell  voltage.  The  readings  so  obtained  are 
taken  as  the  end  points  in  titration  curves  having  no 
inflection  points. 


’  For  a  detailed  duenatioo  of  the  need  for  care  is  preparation  of  the  dectrodes. 
x*  Lykkea,  L,  tour.  P,  Ruliflsoa,  H.  D„  and  Tuemmler,  F.  D,  ■Pounbometric 
Dcurmiaadoa  of  Acidity  ia  Hi*hly  Colored  OUv*  Industrial  and  Engineering 
Chtmlstry,  Analytical  Edition.  tENAA,  Vol  16, 1944,  pp.  219-234. 
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10.  Preparation  of  Simple  of  Used  Ofl  r 

10.1  Strict  observance  of  the  sampling  procedure  is  neces¬ 
sary  since  the  sediment  itself  is  acidic  or  basic  or  has 
absorbed  ari  die  er  basic  material  from  the  sample.  Failure  to 
obtain  a  representative  sample  cause:  serious  errors. 


Non  12— As  used  oil  may  chant*  appetaabty  ia  storage,  test 
samples  as  soon  as  possible  after  removal  from  the  lubricating  system; 
aad  aou  the  dates  of  sampling  and  testing. 


( 


10 2  Heat  the  sample  (Note  13)  of  used  ofl  to  60  ±  5*C  in 
the  original  container  and  agitate  until  all  of  the  sediment  is 
homogeneously  suspended  in  the  ofl.  If  the  original  container 
b  a  can  or  if  it  b  glass  and  more  than  three-fourths  full,  ‘ 
transfer  the  entire  sample  to  a  dear-glass  bottle  having  a 
capacity  at  least  one  third  greater  than  the  volume  of  the 
sample.  Transfer  all  traces  of  sediment  from  the  original 
container  to  the  bottle  by  violent  agitation  of  portions  of  the 
sample  in  the  original  container. 

Non  13— When  samples  ait  visibly  free  of  sediment,  the  heating 
procedures  described  may  be  omitted.  '• 

10.3  After  complete  suspension  of  all  sediment,  strain  the 
sample  or  a  convenient  aliquot  through  a  100-mesh  screen 
for  the  removal  of  large  contaminating  particles. 


¥ 
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11.  Procedure  for  Add  Number  and  Strong  Add  Number 

1 1.1  Into  a  250-mL  beaker  or  a  suitable  titration  vessel, 
introduce  a  weighed  quantity  of  sample-  as  prescribed  fat 
Table  1  and  add  125  mL  of  titration  solvent  (Note  14). 
Prepare  the  electrodes  as  directed  in  8J2.  Place  the  beaker  or 
.titration  vessel  on  the  titration  stand  and  adjust  its  position 
so  that  the  dectrodes  are  about  half  immersed.  Stan  the 
stirrer,  and  stir  thoroughout  the  determination  at  a  rate 
suflident  to  produce  vigorous  agitation  without  spattering 
and  without  stirring  air  into  the  solution.  If  feasible  adjust 
the  meter  so  that  it  reads  in  the  upper  pan  of  the  millivolt 
scale,  for  example  700  mV. 

Non  14— A  titration  solvent  in  which  chloroform  (Wanting— May 
be  final  if  swallowed.  Harmftil  if  inhaled.  May  produce  toxic  vapors  it 
burned)  is  used  ia  place  of  toluene  aad  may  be'requiitd  to  completely 
dissolve  certain  heavy  residues  of  asphaltic  materials 

1 1.2  Select  the  right  buret,  GU  with  the  0.1  V  alcoholic 
KOH  solution  and  place  the  buret  in  position  on  the  titration 
assembly,  take  care  that  the  tip  b  immersed  about  25  mm  in 
the  liquid  in  titration  vessel  Record  the  initial  buret  and 
meter  (cell  potential)  readings. 

11.3  Titration 

1 1.3.1  Manual  Titration — Add  suitable  small  portions  of 
0.1  N  alcoholic  KOH  solution  and  wait  until  potential 
equilibrium  b  reached  (see  Note  13).  Record  the  buret  aad 
meter  (cell  potential)  readings.  At  the  start  of  the  titration 
and  in  any  subsequent  regions  (inflections)  where  0.1  mL  of 
0.1  ft  KOH  solution  consistently  produces  a  total  change  of 


TABU  1  Six*  of  Sampto  , 


Add  Number 

Sba  at  Sampto,  g 

SanattvMy  of 
W*‘0Nng.g 

0.06  to  0.1 

20.0  *  2.0 

0.10 

1t>  to  4.1 

54*0.5 

042 

sioia 

14*0.1 

0006 

20  toM 

045*002 

0.001 

100  to  250 

01*041 

0.0006 
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more  than  30  mV  (corresponding  to  0.5  pH  scale  units)  in 
t be  cell  potential,  add  0.05-mI.  portions.  Ir  the  intermediate 
regions  (plateaux)  where  0.1  ml  changes  the  cell  potential  less 
than  30  mV  add  larger  portions  sufficient  to  produce  a  total 
potential  change  approximately  equal  to,  but  cot  greater 
tharrtSO  mV.  Titrate  in  this  manner  until  the  potential 
changes  less  than  5  mV  (corresponding  to  0.)  pH  scale 
units)/0.1  mL  and  the  cell  potential  indicates  that  the 
solution  b  more  basic  than  the  freshly  prepared  nonaqueous 
basic  buffer.  Remove  the  titration  solution,  rinse  the  elec¬ 
trodes  and  buret  tip  with  the  titration  solvent  then  with 
isopropyl  alcohol  and  finally  with  grade  reagent  water. 
Immerse  the  electrodes  in  water  for  at  least  5  min  before 
using  for  another  titration  to  restore  the  aqueous  gel  layer  of 
the  glass  electrode.  Store  the  electrodes  in  reagent  water 
when  not  in  use  (see  8.1). 

Nan  15 — Consider  the  cell  poteatiil  constant  when  it  change*  lea 
thaa  5  mV  (corresponding  to  0.1  pH  scale  nniuVmin.  This  may  require 
approximately  1  to  2  min/100  mV  change  in  potential  (corresponding  to 
1.7  pH  leak  vahs)  when  adding  0.03-mL  increments;  0.1-mL  incre¬ 
ments  may  require  3  to  3  min. 

1 1 J 2  Automatic  Titration — Adjust  the  apparatus  in  ac¬ 
cordance  with  the  manufacturer’s  instructions  to  comply 
with  the  potential  equilibrium  mode  requirements  estab¬ 
lished  for  the  manual  titration  as  explained  in  Note  10 
and/or  to  provide  a  variable  continuous  delivery  rate  mode 
of  titration  of  less  than  0.2  mL/min  during  the  titration  and 
preferably  0.05  mL/min  through  the  region  of  inflections 
and  at  the  end  point  corresponding  to  that  found  for  the 
freshly  prepared  standard  nonaqueous  basic  buffer  solution.- 
Proceed  with  the  automatic  titration  and  .record  poten- 
tiometric  curves  or  derivative  curves  as  theVase  may  be. 
Titrate  in  this  manner  with  the  0.1  N  alcoholic  KOH 
solution  until  the  potential  become  constant,  for  example, 
changing  less  than  5  mV/0.1  mL  (automatic  point)  or  when 
potential  reading  indicates  that  the  solution  b  more  basic 
than  the  freshly  prepared  nonaqueous  basic  buffer  (pre¬ 
selected  end  point)  solution. 

UJJ  On  completion  of  the  titration,  rinse  the  electrodes 
and  buret  tip  with  the  titration  solvent,  then  with  isopropyl 
alcohol  and  finally  with  reagent  grade  water.  Keep  the 
electrodes  immersed  in  water  for  at  least  5  min  before 
reusing  for  another  titration  to  restore  the  aqueous  gei  layer 
of  the  glass  electrode.  If  electrodes  are  found  dirty  "and 
contaminated  proceed  as  in  Section  8.  Store  the  electrodes  in 
reagent  grade  water  when  not  in  use. 

11.4  Blank— Tot  each  set  of  samples,  make  a  blank 
titration  of  125  mL  of  the  titration  solvent.  For  manual 
titrati&tpadd  0.1  N  alcoholic  KOH  solution  in  0.05-mL 
increments,  waiting  between  each  addition  until  a  constant 
cell  potential  b  reached.  Record  the  meter  and  buret 
readings  when  the  former  becomes  constant  after  each 
increment.  For  automatic  titration,  proceed  as  in  1 1.3.2. 

11.5  Blank— Tor  each  set  of  samples,  make  a  blank 
titration  of  125  mL  of  titration  solvent,  adding  0.1  N 
alcoholic  HCI  solution  in  0.05-mL  increments  in  a  manner 
comparable  to  that  specified  in  1 1.4  for  manual  titration. 

12.  Calculation 

♦  • 

12.1  For  manual  btranon,  plot  the  volumes  of  the  add  or 
base  titrating  solution,  added  against "  the  corresponding 
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.  meter  readings  (see  Fig  2).  Mark  as  as  end  point,  only 
well-defined  inflection  point  (Note  16)  being  the  closest  to 
the  cell  voltages  representing  the  freshly  prepared  non* 
aqueous  acidic  and  basic  buffers.  If  inflections  are  Hi-defined 
or  no  inflection  appears,*  mark  the  end  pcnnts  at  those  meter 
.  readings  corresponding  to  the  freshly  prepared  two  non- 
aqheous  buffers.  ^ 

N&t  16 — One  hCectkm  point  b  aeaenlly  rccogahabta  by  Inspec- 
tioa  whenever  seven!  success™*  OXS-aL  increments  each  produce  a 
ctfl  potential  dungs  greater  than  IS  aV  (conaipoafing  a  (X23  pH 
tab  unto)  a  least  30  %  greater  than  thoae  produced  by  previous  or 
subsequent  increments  of  the  ama  size.  Generally,  definite  infWrtioa 
points  nay  be  discerned  only  in  regions  where  iacreaeats  of  the  aac 
s  tea  an  used. 

112  For  aQ  add  titrations  on  used  oils,  mark  as  an  end 
point,  the  point  on  the  curve  that  corresponds  to  the  freshly 

•Carve  I  to  H*.  2  is  sa  example. 


prepared  nonaqueous  basic  buffer  end  point  (Note  17). 

Non  17— Tbs  cooperative  work  done  os  add  number  determine- 
does  on  fresh  oils,  additive  concentrate**  and  used  oib  indicated 
well-defined  Inflection  points  far  fresh  ofla  and  additive  concentrates, 

and  (encaSy  BMcfined  hfiectioss  or  no  inflection  points  at  an  fernsed 

12.3  Calculate  the  add  number  and  strong  add  number 

as  follows;  -  77.^..,.' 

Add  number,  ag  KOH/l  "(4-  B)X,Nx  56.1 /IK* 
Strong  add  number,  mg  KQHyg  -  (Of  +  Zbi)  X  56.1/IK 
where:  1 

A  «  alcoholic  KOH  solution  used  to  titratCThmple  to  end 
point  that  occurs  at  the  meter  reading  of  the  inflection 
point  closest  to  the  meter  reading  corresponding  to 
basic  nonaqueous  buffer,  or  in  fine  of  ill-defined  or  no 
inflection  point,  to  meter  reading  corresponding  to  the 
basic  nonaqueous  buffer,  ml. 
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Add  number  (D  664)  -  (result)  ^ 

Strong  odd  number  (D  664)  >  (result) 

13.2  No  modifications  to  this  test  method  are  permitted. 


14..  Precision  and  Bias 
!4.t  Add  Number 

14.1.1  Repeatability — The  difference  between  successive 
test  results  obtained  by  tHfe  same  operator  with  the  same 
apparatus  under  constant  operating  conditions  on  identical 
test  material  would  in  the  long  run,  in  the  normal  and 
correct  operation  of  the  test  method  exceed  the  following 
values  only  in  one  case  in  twenty: 


TfaariM  Mods 
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B  m  volume  corresponding  to  A  for  blank  titration,  mL, 

N  —  normality  of  alcoholic  KOH  solution, 
u  m  normality  of  alcoholic  HC3  solution, 

W  m  sample,  g, 

C  »  aWdutfr  KOH  solution  used  to  titrate  the  sample  to 
end  pout  that  occurs  at  a  meter  reading  corresponding 
to  add  nonaqueous  buffer,  mL,  and 
D  —  alcoholic  HO  solution  used  to  titrate  solvent  blank  to 
end  point  corresponding  to  C,  mL 


13.  Report 

13.1  Report  the  results  as  add  number  or  strong  add 
number  as  follows. 


14.1.2  Reproducibility— The  difference  between  two  sin* 
gle  and  independent  results  obtained  by  different  operators 
working  in  different  laboratories  on  identical  test  material 
would,  in  the  long  run,  in  the  normal  and  correct  operation 
of  the  test  method  exceed  the  following  values  only  in  one 
case  in  twenty. 


Utaciott  Mode 
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14.2  Strong  Add  Number 

14J2.1  Precision  data  have  not  been  developed  for  strong 
add  number  because  of  its  rare  occurrence  in  sample  . 
analysis.  * 

14  J  Bias — The  procedures  in  this  test  method  have  no 
bias  because  the  add  values,  can  be  defined  only  in  terms  of 
the  test  method. 


ANNEX 

(Mandatory  Information) 
Al.  APPARATUS 


Al.l  The  apparatus  for  manual  titration  shall  consist  of 
the  following: 

Al.1.1  Meter— A  voltmeter  or  potentiometer  that  will 
,  operate  with  an  accuracy  of  ±0.005  V  and  a  sensitivity  of 
±0.002  V,  over  a  range  of  at  least  ±0 3  V,  when  the  meter  is 
used  with  the  electrodes  specified  in  Al.1.2  and  Al.1.3,  and 
when  the  resistance  between  the  electrodes  falls  within  the 
range  from  0.2  to  20  MQ.  The  meter  shall  be  protected  from 
stray  electrostatic  fields  so  that  no  permanent  change  in  the 
meter  readings  over  the  entire  operating  range  is  produced  by 
touching  with  a  grounded*  lead,  any  part  of  the  exposed 


••Grounded "  or  ‘roaeervd  to  the  (round*  man*  coancrtad  throufh  t 
lafanm  ot  m  non  tbu  100  0  to  oKudiid  pound  potential  web  a*  that  of  o 
wolCMtrncc  pipe. 


surface  of  the  glass  electrode,  the  glass  electrode  lead,  the 
titration  stand,  or  the  meter.  A  desirable  apparatus  may 
consist  of  a  continuous-reading  electronic  voltmeter  with 
specified  range,  accuracy,  and  sensitivity,  that  is  designed  to 
operate  on  an  input  of  less  than  5  x  HT13  A  when  an 
electrode  system  having  1000  MO  resistance  is  connected 
across  the  meter  terminals,  that  is  provided  with  a  metal 
shield  connected  to  the  ground,  and  that  is  provided  with  a 
,  satisfactory  terminal  to  connect  the  shielded  connection  wire 
from  the  glass  electrode  to  the  meter  without  interference 
from  the  presence  of  external  electrostatic  field. 

Al.1.2  Glass  Electrode — A  pencil-type  glass  electrode  (C, 
Fig.  1)  125  to  180  mm  in  length  and  8  to  14  mm  in  diameter. 
The  body  of  the  electrode  shall  be  made  of  a  chemically 
resistant  glass  tube  with  a  wall  thickness  of  1  to  3  mm.  The 
end  dipping  into  the  solution  shall  be  dosed  with  a  bemi- 
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sphere  of  Corning  A15  glass  or  equivalent  sealed  on  to  the 
electrode  tube,  and  the  radius  of  this  hemisphere  shall  be 
about  7  mm.  The  thickness  of  the  glass  in  the  hemisphere 
shall  be  peat  enough  so  that  the  resistance  of  the  hemisphere 
is  100  to  1000  MQ  at  25'C.  The  electrode  shall  contain  a 
reproducible,  permanently  sealed  liquid  cell  for  making 
electrical  connection  with  the  inner  surface  of  the  hemi¬ 
sphere.  The  entire  electrical  connection  Grom  the  sealed 
contact  cell  to  the  meter  terminal  dull  be  surrounded  by  an 
electrical  shield  that  will  prevent  electrostatic  interference 
when  the  shield  is  grounded.  The  shield  shall  be  insulated 
from  the  electrical  connection  by  insulating  material  of  the 
highest  quality,  such  as  rubber  and  glass,  so  that  the 
resistance  between  the  shield  and  the  entire  length  of  the 
electrical  connection  is  greater  than  50  000  MQ. 

Al.1.3  Calomel  Electrode — A  pencil-type  calomel  elec¬ 
trode  (B,  Fig.  1)  125  to  180  mm  in  length  and  8  to  14  mm  in 
diameter.  This  electrode  shall  be  made  of  glass  and  shall  be 
provided  with  an  external,  removable  glass  sleeve  on  the 
sealed  end  that  is  dipped  into  the  titration  solution.  The  glass 
sleeve  shall  be  8  to  25  mm  in  length,  shall  be  slightly  tapered, 
and  shall  be  ground  to  fit  the  electrode  so  Out  the  sealed  end 
of  the  electrode  protrudes  2  to  20  mm  beyond  the  sleeve.  The 
ground  surface  shall  be  continuous  and  free  of  smooth  spots. 
At  a  point  midway  between  the  extremities  of  the  ground 
surface,  the  electrode  tube  shall  be  pierced  by  a  hole  or  holes 
1  mm  in  diameter.  The  electrode  shall  contain  the  necessary 
mercury,  calomel,  and  electrical  connection  to  the  mercury, 
all  arranged  in  a  permanent  manner.  The  electrode  shall  be 
filled  almost  to  capacity  with  saturated  KQ  electrolyte  and 
shall  be  equipped  with  a  stoppered  port  through  which  the 
electrolyte  may  bp  replenished.  When  suspended  in  the  air 
and  with  the  sleeve  in  place,  the  electrode  shall  not  leak 
electrolyte  at  a  rate  greater  than  one  drop  in  10  min.'0 


M  Example*;  of  autibk  tlmnJu  ire  (a)  Cbm  ttewJtt  BcrVm**  41341. 
Cornu*  47(023.  tod  Mctrohoai  E  107.  (b)  Rtfat act  ctectroda:  Berlrm**  40441, 
Cornu*  474013.  ud  Mctrohom  EA430. 


Al.1.4  Stirrer— A  variable-speed  mechanical  stirrer  of 
any  suitable  type,  equipped  with  a  glass,  propeller-type 
stirring  paddle  ( D ,  Fig.  1).  A  propeller  with  blades  6  mm  in 
radius  and  set  at  s  pitch  of  ?0  to  45*  b  satisf-rtory.  A 
magnetic  stirrer  is  also  satisfactory.  If  electrical  stirring 
apparatus  is  used,  it  must  be  grounded  so  that  connecting  or 
disconnecting  the  power  to  the  motor  will  not  produce  a 
permanent  change  in  meter  reading  during  the  course  of 
titration. 

Al.1.5  Buret— A  20-mL  buret  (£,  Fig.  1)  or  appropriate 
size  buret  graduated  in  0.05  ml  division  and  calibrated  with 
an  accuracy  of  ±0.02  ml-  The  buret  shall  have  a  glass 
stopcock  and  shall  have  a  tip  that  extends  100  to  130  mm 
beyond  the  stopcock. 

Al.1.6  Titration  Beaker — A  250-mL  beaker  made  of  bo- 
rosOicate  glass  CA,  Fig.  1). 

Al.1.7  Titration  Stand— A  suitable  stand  to  support  the 
electrodes,  stirrer,  and  buret  in  the  position  shown  in  Fig.  1. 
An  arrangement  that  allows  the  removal  of  the  beaker  or 
titration  vessel  without  disturbing  the  electrodes,  buret,  and 
stirrer  is  desirable. 

A12  Automatic  titration  system  shall  be  generally  in 
accordance  with  A2.1  and  provide  the  following  teehnfol 
performance  characteristics  or  features: 

Al.2.1  Automatic  adaption  of  the  titration  speed  In  the 
continuous  titrant  delivery  mode  to  the  slope  of  the  titration 
curve  with  the  capability  of  complying  with  the  potential 
equilibrium  specified  and  providing  titration  ratds  of  less 
than  0.2  mL/min  during  titration  and  preferably  0.05 
mL/min  at  inflections  and  at  nonaqueous  arid  and  basic  end 
points. 

A1.2J  Interchangeable  precision  motor-driven  burets 
with  a  volume  dispensing  accuracy  of  ±0.01  ml. 

Al.2.4  A  record  of  the  complete  course  of  a  titration  by 
continuously  printing  out  the  relative  potential  versus 
volume  Of  titrant  added. 
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wth  tnf  km  mtntlonte  ki  tta  kUnOtfO.  U$tn  of  IN$  tUndmO  tr»  axpraatfr  mMtmt  Om  Mombmion  oftt*  vwfeay  e/  tnftudt 
pmtrt  rights,  ml  Iftt  h$k  of  Hring*ntnt  of  $uef)  rights,  ar»  tnllrttf  thtk  own  maponaSWy. 
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